INTRACELLULAR MODULATORS OF APOPTOPIC CELL DEATH PATHWAYS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of application no. 09/403,861 which is a 
371 national stage application of PCT EP98/02490, filed April 27, 1998. The entire content of 
application no. 09/403,861 is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention is generally in the field of modulators of apoptopic cell 
death and uses thereof in therapeutic applications to inhibit or to enhance apoptosis, as desired 
depending on the disease and whether or not it is desired to kill the diseased cells or to rescue the 
diseased cells from apoptopic cell death. Specifically, the present invention concerns novel genes 
encoding novel proteins belonging to the leucine zipper family, which are capable of inhibiting 
apoptosis mediated by the CD3/TCR system or by the Fas/Fas-L system, and which are also 
capable of stimulating lymphocyte activation. In particular, the present invention concerns a new 
protein and the gene encoding therefor called GILR, preparation and uses thereof, as well as any 
iso forms, analogs, fragments and derivatives of GILR, their preparation and uses. 

Description of the Related Art 

[0003] Apoptosis (programmed cell death) is an important intracellular process having an 
important role in normal cell and tissue development, as well as in the control of neoplastic 
growth (Cohen, 1993; Osborne and Schwartz, 1994; Wyllie et al., 1980; Kerr et al., 1972; Bursch 
et al., 1992). 



[0004] A number of stimuli can either induce or inhibit programmed cell death through 
activation of molecules, involved in the signaling and execution of apoptosis, acting at different 
levels including the cell membrane, cytoplasm and nucleus. Among these, of note are those 
intracellular molecules, including some transcription factors, that have been shown to regulate 
cell growth. In particular, leucine zipper family proteins, such as for instance MYC, FOS and 
JUN, can modulate cell death (Shi et al., 1992; Smeyne et al., 1993; Goldstone and Lavin, 1994). 

[0005] Apoptosis is also important in T-cell development (Dent et al., 1990; Ju et al., 
1995; MacDonald and Lees, 1990). In particular, negative selection is due to apoptosis activated 
through the antigen (Ag) interaction with the T-cell-receptor(TCR)/CD3 complex (Smith et al., 
1989). Engagement of the TCR/CD3 complex, either by APCs presenting antigenic peptide or by 
anti-CD3 antibody, triggers a series of activation events, such as for example, the expression of 
the Fas/Fas-Ligand (Fas/Fas-L) system, that can induce apoptosis in thymocytes, mature T cells 
and T cell hybridoma (Alderson et al., 1995; Dhein et al., 1995; Ju et al., 1995; Jenkinson et al., 
1989; Webb et al., 1990; Yang et al., 1995). For example, triggering of such activation events in 
T cell hybridomas leads to cell cycle arrest, followed by apoptosis. This activation-induced cell 
death (AICD, Kabelitz et al., 1993) requires the interaction of Fas with Fas-L (Alderson et al., 
1995; Itoh et al., 1991; Yang et al., 1995). 

[0006] It has been shown that other stimuli, such as cytokines and glucocorticoid 
hormones (GCH), are also critical regulators of T-cell development (Migliorati et al., 1993; Nieto 
et al, 1990; Nieto and Lopez-Rivas, 1989; Cohen and Duke, 1984; Wyllie, 1980). For example, 
dexamethasone (DEX), a synthetic GCH which by itself induces apoptosis in T cell hybridomas 
and in normal T lymphocytes, can inhibit AICD induced by triggering of the TCR/CD3 complex 
(Zacharchuk et al., 1990). This inhibition may be due to prevention of activation induced 
expression of Fas and Fas-L (Yang et al., 1995). 



[0007] With respect to the above noted Fas/Fas-L system, it should be noted that Fas has 
also been called the FAS receptor or FAS-R as well as CD95. For simplicity, this receptor will be: 
called 'Fas' herein throughout and its ligand, as noted above, will be called Tas-L' herein 
throughout. 

[0008] Fas is a member of the TNF/NGF superfamily of receptors and it shares homology 
with a number of cell-surface receptors including the p55-TNF receptor and the NGF receptor 
(see for example Boldin et al., 1995a and 1995b). Fas mediates cell death by apoptosis (Itoh et al. 
1991) and appears to act as a negative selector of autoreactive T cells, i.e. during maturation of 
T-cells, Fas mediates the apoptopic death of T cells recognizing self-antigens. Mutations in the 
Fas gene, such as the lpr mutations in mice, have been shown to be responsible for a 
lymphoproliferation disorder in mice resembling the human autoimmune disease, systemic lupus 
erythomatosus (SLE; Watanabe-Fukunaga et al., 1992). The Fas-L molecule is apparently a cell 
surface-associated molecule carried by, amongst others, killer T cells (or cytotoxic T 
lymphocytes - CTLs), and hence, when such CTLs contact cells carrying Fas, they are capable of 
inducing apoptopic cell death of the Fas-carrying cells. Further, a monoclonal antibody specific 
to Fas has been prepared which is capable of inducing apoptopic cell death in cells carrying Fas, 
including mouse cells transformed by cDNA encoding human Fas (see, for example, Itoh et al,. 
1991). 

[0009] While some of the cytotoxic effects of lymphocytes are mediated by interaction of 
lymphocyte-produced Fas-L with the widely-occurring Fas, it has also been found that various 
other normal cells besides T lymphocytes, express Fas on their surface and can be killed by the 
triggering of this receptor. Uncontrolled induction of such a killing process is suspected to 
contribute to tissue damage in certain diseases, for example, the destruction of liver cells in acute 



hepatitis. Accordingly, finding ways to restrain the cytotoxic activity of Fas may have therapeutic 
potential. 

[0010] Conversely, since it has also been found that certain malignant cells and HIV- 
infected cells carry Fas on their surface, antibodies against Fas, or Fas-L itself, may be used to 
trigger Fas-mediated cytotoxic effects in these cells and thereby provide a means for combating 
such malignant cells or HIV-infected cells (see, for example, Itoh et al. 1991). Finding yet other 
ways for enhancing the cytotoxic activity of Fas may therefore also have therapeutic potential. 

[001 1] As noted above, Fas is related to one of the TNF receptors, namely, the p55-TNF 
receptor. TNF (both TNF-oc and TNF-p, and as used throughout, 'TNF' will refer to both) has 
many effects on cells (see, for example, Wallach, D. (1986) In : Interferon 7 (Ion Gresser ed.), p. 
83-122, Academic Press, London; and Beutler and Cerami (1987)). TNF exerts its effects by 
binding to its receptors, the p55-TNF receptor and the p75-TNF receptor. Some of the TNF- 
induced effects are beneficial to the organism, such as, for example, destruction of tumor cells 
and virus-infected cells, and augmentation of antibacterial activities of granulocytes. In this way 
TNF contributes to the defense of the organism against tumors and infectious agents and 
contributes to recovery from injury. Thus, TNF can be used as an anti-tumor and anti-infectious 
agent. 

[0012] However, TNF can also have deleterious effects. For example, overproduction of 
TNF can have a pathogenic role in several diseases, including amongst others, septic shock 
(Tracey et al, 1986); excessive weight loss (cachexia); tissue damage in rheumatic diseases 
(Beutler and Cerami, 1987); tissue damage in graft-versus-host reactions (Piquet et al, 1987); 
and tissue damage in inflammation, to name but a few of the pathogenic effects of TNF. 

[0013] The above cytocidal effects of TNF is mediated mainly by the p55-TNF receptor 
in most cells studied so far, which activity is dependent on the integrity of the intracellular 



domain of this receptor (see, for example, Brakebusch et al., 1992; Tartaglia et al., 1993). In 
addition, mutational studies indicate that the related Fas and p55 TNF -receptor mediate 
intracellular signaling processes, ultimately resulting in cell death, via distinct regions within 
their intracellular domains (see also, for example, Itoh and Nagata, 1993). These regions also 
designated 'death domains' present in both these receptors, have sequence similarity. The "death 
domains" of Fas and p55-TNF receptor are capable of self-association, which is apparently 
important for promoting the receptor aggregation necessary for initiating intracellular signaling 
(see, for example, Song et al. 1994; Wallach et al., 1994; Boldin et al, 1995a, b), and which, at 
high levels of receptor expression, can result in the triggering of ligand-independent signaling 
(Boldin et al., 1995a, b). 

[0014] Recent studies have indicated that the cytotoxic effects mediated by Fas and p55- 
TNF receptor involves an intracellular signaling pathway which includes a number of protein- 
protein interactions, leading from the initial ligand-receptor binding to the eventual activation of 
enzymatic effector functions, and which include non-enzymatic protein-protein interactions 
which are involved in the initiation of the signaling for cell death (see also, for example, Nagata 
and Golstein, 1995; Vandenabeele et al., 1995; and Boldin et al., 1995a, b). Apparently the 
binding of the trimeric Fas-L and TNF to their receptors results in the interaction of the 
intracellular domains of these receptors which is augmented by a propensity of the deatliTdomain 
regions or motifs to self-associate (Boldin et al., 1995a, b), and induced binding of at least two 
other cytoplasmatic proteins (which can also bind to each other) to the intracellular domains of 
these receptors, namely, the protein MORT-1 (also called FADD) which binds to Fas (see Boldin 
et al., 1995b; Chinnaiyan et al., 1995; Kischkel et al., 1995), and the protein TRADD which 
binds to the p55-TNF receptor (see Hsu et al., 1995; Hsu et al., 1996). A third such intracellular 
protein has also been identified called RIP (see Stanger et al, 1995) which binds to the 



intracellular domains of both Fas and the p55-TNF receptor. RIP can also interact with TRADD 
and MORT-1. Thus, these three intracellular proteins allow for a functional "cross-talk" between 
Fas and the p55-TNF receptor. The interactions between these receptors and their associated 
proteins (MORT-1, TRADD, RIP) occurs through the 'death domain' motifs present in each of 
these receptors and proteins. 

[0015] Thus, the "death domain" motifs of the p55-TNF receptor and Fas as well as their 
three associated proteins MORT-1, RIP and TRADD appear to be the sites of protein-protein 
interactions. The three proteins MORT-1, RIP and TRADD interact with the p55-TNF receptor 
and Fas intracellular domains by the binding of their death domains to those of the receptors, and 
for both RIP and TRADD their death domains also self-associate, although MORT-1 differs in 
this respect in that its death domain does not self-associate. Accordingly, it would seem that the 
interaction between the three proteins MORT-1, RIP and TRADD is an important part of the 
overall modulation of the intracellular signaling mediated by these proteins. Interference of the 
interaction between these three intracellular proteins will result in modulation of the effects 
caused by this interaction. For example, inhibition of TRADD binding to MORT-1 may 
modulate the Fas-p55 TNF-receptor interaction. Likewise, inhibition of RIP in addition to the 
above inhibition of TRADD binding to MORT-1 may further modulate Fas-p55 TNF-receptor 
interaction. 

[0016] Recent studies have also implicated a group of cytoplasmatic thiol proteases 
which are structurally related to the Caenorhabditis elegans protease CED3. and to the 
mammalian interleukin-lB converting enzyme (ICE) in the onset of various physiological cell 
death processes (reviewed in Kumar, 1995 and Henkart, 1996). There have also been some 
indications that protease(s) of this family may take part in the cell-cytotoxicity induced by Fas 
and TNF receptors. Specific peptide inhibitors of the proteases and two virus-encoded proteins 



that block their function, the cowpox protein crmA and the Baculovirus p35 protein, were found 
to provide protection to cells against this cell-cytotoxicity (Enari et al., 1995; Los et al., 1995; 
Tewari et al., 1995; Xue et al., 1995; Beidler et al., 1995). Rapid cleavage of certain specific 
cellular proteins, apparently mediated by protease(s) of the CED3/ICE family, could be 
demonstrated in cells shortly after stimulation of Fas or TNF receptors (both the p55-TNF 
receptor and the p75-TNF receptor). 

[0017] One such protease and various iso forms thereof (including inhibitory ones), 
designated MACH which is a MORT-1 binding protein and which serves to modulate the activity 
of MORT-1 and hence of Fas and p55-TNF receptor, and which may also act independently of 
MORT-1, has been recently isolated, cloned, characterized, and its possible uses also described, 
as is set forth in detail in the international application No. PCT/US96/10521, and in a recent 
publication (Boldin et al., 1996). Another such protease and various isoforms thereof (including 
inhibitory ones), designated Mch4 has also recently been isolated and characterized (Fernandes- 
Alnemri et al., 1996; Srinivasula et al., 1996). This Mch4 protein is also a MORT-1 binding 
protein which serves to modulate the activity of MORT-1 and hence likely also of Fas and p55- 
TNF receptor and which may also act independently of MORT-1 . 

[0018] Moreover, it has also recently been found that besides the above noted cell 
cytotoxicity activities and modulation thereof mediated by the various receptors and their binding 
proteins including Fas, p55-TNF receptor, MORT-1, TRADD, RIP, MACH and Mch4, a number 
of these receptors and their binding proteins are also involved in the modulation of the activity of 
the nuclear transcription factor NF-kB, which is a key mediator of cell survival or viability, being 
responsible for the control of expression of many immune- and inflammatory- response genes. 
For example, it has been found that TNF-a can actually stimulate activation of NF-kB and thus 
TNF-oc is capable of inducing two signals in cells, one eliciting cell death and another that 



protects cells against death induction by inducing gene expression via NF-kB (see Beg and 
Baltimore, 1996; Wang et al., 1996; Van Antwerp et al., 1996). A similar dual effect for Fas has 
also been reported (see reference to this effect as stated in above Van Antwerp et al., 1996). It 
would therefore appear that there exists a delicate balance between cell death and cell survival 
upon stimulation of various types of cells with TNF-a and/or the Fas-L, the ultimate outcome of 
the stimulation depending on which intracellular pathway is stimulated to a greater extent, the 
one leading to cell death (usually by apoptosis), or the one leading to cell survival via activation 
of NF-kB. 

[0019] In addition, recently there has been further elucidated the possible pathway by 
which members of the TNF/NGF receptor family activate NF-kB (see Malinin et al, 1997 and 
the various relevant references set forth therein). Briefly, it arises that several members of the 
TNF/NGF receptor family are capable of activating NF-kB through a common adaptor protein, 
Traf2. A newly elucidated protein kinase called NIK (see above Malinin et aL, 1997) is capable 
of binding to Traf2 and of stimulating NF-kB activity. In fact, it was shown (see aforesaid 
Malinin et al.) that expression in cells of kinase-deficient NIK mutants results in the cells being 
incapable of having stimulation of NF-kB in a normal endogenous manner and also in the cell 
having a block in induction of NF-kB activity by TNF, via either the p55-TNF receptor or Fas, 
and a block in NF-kB induction by TRADD, RIP and MORT-1 (which are adaptor proteins that 
bind these p55-TNF and/or Fas receptors). All of the receptors p55-TNF and p75-TNF receptors 
and Fas, and their adaptor proteins MORT-1, TRADD and RIP bind directly or indirectly to 
Traf2, which by its binding ability to NIK apparently modulates the induction of NF-kB. 

[0020] It has been a long felt need to provide a way for modulating the cellular response 
to Fas-L and to TNF. For example, in the pathological situations mentioned above, where Fas-L 



or TNF is overexpressed or otherwise present in excess amounts or where the Fas or, at least, 
p55-TNF receptor is over-activated or overexpressed, it would be desirable to inhibit the Fas-L or 
TNF-induced cytocidal effects, which in other situations, e.g. in tumor cells or wound healing 
applications, it would be desirable to enhance the TNF effect, or in the case of Fas, in tumor cells 
or HIV-infected cells, it would be desirable to enhance the Fas-mediated effect. To this end, a 
number of approaches have been attempted directed at the receptors themselves (to enhance or to 
inhibit their activity or amount, as the case may be) or directed at the signaling pathways, as 
noted above, in which these receptors or their associated proteins play a role (to enhance or 
inhibit the activities or amounts of the receptors or their associated proteins, as the case may be). 

[0021] However, heretofore there has not been elucidated the role of glucocorticoid 
hormones (GCH) in the regulation of lymphocyte apoptosis, in particular, the role that GCH have 
in inducing gene expression, the product(s) of which may modulate apoptosis in T cells (and 
possibly other cells as well), which modulation may be by direct or indirect interaction with, or 
other means of modulation of, the Fas-mediated or the associated/related p55-TNF receptor- 
mediated intracellular signaling pathways leading to cell death (by apoptosis in which various 
proteases as noted above are involved) or leading to cell survival (via induction of NF-kB 
activation as noted above). 

Summary of the Invention 

[0022] It is an object of the present invention to elucidate the role of glucocorticoid 
hormones (GCH) in the regulation of lymphocyte apoptosis, in particular, to elucidate the gene(s) 
or gene products(s) induced by GCH which can modulate apoptosis in T cells or in other cells. 
Hence, it is an object of the present invention to provide novel gene(s) which are induced by 
GCH, the product(s) of which can modulate apoptosis in T cells or other cells. 



[0023] It is another object of the present invention to provide novel proteins, including all 
isoforms, analogs, fragments or derivatives thereof, which are encoded by the novel GCH- 
induced gene(s), which proteins, iso forms, analogs, fragments or derivatives can modulate 
apoptosis in T cells or in other cells. These new proteins, isoforms, analogs, fragments or 
derivatives may modulate apoptosis by modulating the signaling activity of Fas or the p55-TNF 
receptor intracellularly in a direct or indirect way, or may modulate apoptosis in an entirely Fas- 
independent and/or p55-TNF receptor-independent manner, by modulating the activity of other 
intracellular mediators of apoptosis. It should be understood that the modulation of apoptosis can 
be an enhancement/augmentation of apoptopic cell death or an inhibition of apoptopic cell death, 
these being the possible ways of direct modulation of apoptosis, be it via Fas- or p55-TNF- 
receptor-mediated pathways (inclusive of all the associated proteins/enzymes in these pathways 
as noted above) or via other pathways involving other intracellular mediators of apoptosis. 

[0024] Indirect modulation of apoptosis is to be understood as, for example, induction by 
direct or indirect ways, of cell survival pathways (i.e. induction of NF-kB activation or other 
such cell survival-related pathways), which cell survival pathways essentially counteract 
apoptopic pathways. 

[0025] Another object of the present invention is to provide antagonists (e.g. antibodies, 
peptides, organic compounds, or even some isoforms, analogs, fragments or derivatives) to the 
above new proteins, isoforms, analogs, fragments or derivatives thereof, which may be used to 
inhibit their activity in the intracellular signaling process in which they are involved, and hence 
to inhibit apoptosis, or conversely, to enhance apoptosis (inhibit cell-survival), as desired and 
depending on the activity of the protein, isoform, analogs, fragment or derivative, the activity of 
which is to be inhibited by the antagonist. For example, if a novel protein, isoform, analog, 
fragment or derivative of the invention is augmentory to apoptosis then such an antagonist would 
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serve to block this augmentory role and ultimately block or reduce cell death via apoptosis. 
Likewise, if a novel protein, isoform, analog, fragment or derivative of the invention is inhibitory 
to apoptosis then such an antagonist would serve to block this inhibitory activity and ultimately 
enhance or augment apoptosis, i.e. result in increased cell death. 

[0026] A further object of the present invention is to use the novel proteins, isoforms, 
analog, fragments and derivatives thereof, to isolate and characterize additional proteins or 
factors which may be involved in GCH-induced modulation of apoptosis (i.e. GCH-induced 
product(s) of gene expression capable of modulating apoptosis in T cells and other cells), which 
modulation may be as noted above. For example, other proteins may be isolated which may 
interact with the novel proteins of the invention and influence their activity, or other receptors or 
intracellular mediators further upstream or downstream in the signaling process(es) may be 
isolated with which the novel proteins of the present invention interact and hence in whose 
function the novel proteins of the invention are also involved. 

[0027] Moreover, it is an object of the present invention to use the above-mentioned 
novel proteins, isoforms, analogs, fragments and derivatives as antigens for the preparation of 
polyclonal and/or monoclonal antibodies thereto. The antibodies, in turn, maybe used, for 
example, for the purification of the new proteins from different sources, such as cell extracts or 
transformed cell lines. These antibodies may also be used for diagnostic purposes, for example, 
for identifying disorders related to abnormal functioning of cellular effects induced by GCH 
and/or mediated by the signaling processes in which the novel proteins of the invention play a 
role, such as, for example, the apoptopic pathways mediated by Fas and/or the p55-TNF receptor 
or cell survival pathways involving the induction of NF-kB activation, or any other such pathway 
in which such GCH-induced product(s) play a role. 
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[0028] A further object of the invention is to provide pharmaceutical compositions 
comprising the above novel proteins, isoforms, analogs, fragments or derivatives, as well as 
pharmaceutical compositions comprising the above noted antibodies or other antagonists. 

[0029] In accordance with the present invention, a new gene and a new protein encoded 
by this gene have been identified and isolated. The new gene has been designated GILR (for: 
Glucocorticoid Induced Leucine-zipper family Related gene) which encodes a new member of 
the leucine zipper family. The designation GILZ (Glucocorticoid Induced Leucine-Zipper gene) 
can be used as well as a synonymous. The mouse GILR protein is a protein of 137 amino acid 
residues characterized by having four leucine residues (at positions 76, 83, 90 and 97 - see Fig. 2 
and SEQ ID NO: 2) spanned by 7 amino acids and an asparagine residue (at position 87 - see 
Figs. 2 and SEQ ID NO: 2) within the leucine zipper domain (see Fig. 4). The new GILR gene 
and the product it encodes, being the new GILR protein, were identified and isolated following 
dexamethasone (DEX) treatment of cells. DEX is a well known glucocorticoid hormone and 
hence the GILR gene and GILR protein represent a new glucocorticoid-induced gene and protein, 
respectively. Further, it appears that the GILR gene is induced in thymocytes and peripheral T 
cells and is also found to be expressed in normal lymphocytes from the thymus, spleen and 
lymph nodes. Little or no expression of the GILR gene was detected in other non-lymphoid 
tissues including brain, kidney and liver. 

[0030] Using the previously cloned murine GILR as a probe, the human homologue of 
GILR has been cloned and sequenced (see Fig. 13 and SEQ ID NO 5), demonstrating the high 
level of conservativity of this sequence. 

[003 1] With respect to the biological activity of the new GILR protein, the experimental 
results indicate that this protein has at least one important activity being its ability to selectively 
protect T cells from apoptosis. More specifically, GILR expression selectively protects T cells 
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from apoptosis induced by treatment of the T cells with anti-CD3 monoclonal antibody (mAb) 
but not by treatment with other apoptopic stimuli. This specific anti-apoptopic effect correlates 
with the inhibition of Fas and Fas-L expression. Accordingly, GILR expression may also 
serve to modulate, albeit indirectly, other intracellular pathways, as noted above, in which Fas is 
involved, for example, the apoptopic processes common to Fas and the p55-TNF receptor in 
which their associated proteins and enzymes (e.g. MORT-1, TRADD, RIP, MACH, Mch4) are 
involved, which ultimately cause cell death by apoptosis. GILR, by specifically inhibiting Fas 
and Fas-L expression may therefore also inhibit pathways in which Fas acts together with the 
p55-TNF receptor due to the 'cross-talk' between these receptors mediated by the above proteins 
which bind to both of these receptors. Thus, while GILR expression may serve to inhibit Fas and 
Fas-L expression in a direct fashion and to a marked extent, GILR expression may also serve to 
inhibit the p55-TNF receptor's intracellular signaling activity, albeit in an indirect way and 
possibly to a lesser extent. In addition, as noted above, Fas is also involved in induction of NF- 
kB activation and hence GILR expression which inhibits FAS expression can possibly also serve 
to reduce this activity of Fas, although with apparently less detrimental effects to the cells, as, 
primarily the block of Fas-mediated apoptosis would serve to save the cells from cell death to a 
greater extent than would NF-kB activation save the cells. 

[0032] In view of the above-mentioned it also arises, for example, that when it is desired 
to kill cells, e.g. tumor or HIV-infected cells, then it would be desirable to inhibit GILR 
expression, whilst, conversely, when it is desired to protect cells, e.g. liver cells in hepatitis 
patients, then it would be desired to increase the expression of GILR or augment its activity. 
Other uses of GILR and the control of its expression will be set forth herein below in greater 
detail. 
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[0033] As is detailed herein below, by comparing untreated and DEX-treated cells (for 
example, murine thymocytes, although any mammalian thymocytes and/or peripheral T cells 
and/or other lymphocytes, such as those obtained from humans, may be used equally) by 
employing the subtraction probe technique, it was possible to identify, isolate and clone the new 
GILR gene of the present invention. 

[0034] The novel GILR protein of the invention is, in view of the above-mentioned and 
as set forth herein below, a modulator of apoptosis in lymphocytes, in general, and is in particular 
apparently an inhibitor of Fas- (and Fas-L-) mediated apoptosis, especially in T-lymphocytes. 

[0035] Sequencing of the new GILR gene and protein has revealed that these are novel as 
based on comparisons of the GILR nucleotide and amino acid sequences (see Fig. 2_and 13) with 
known sequences in various databases. 

[0036] These comparisons revealed some homology between these GILR sequences and 
any known sequences. 

[0037] The proteins that show the higher degree of homology are hDIP (Vogel et aL, 
1996) and human TSC-22 (Jay et al., 1996) (Fig. 15). All contain a similar leucine zipper domain 
(Fig. 4). Both these protein have been poorly characterized as potential transcriptional factor with 
a widespread distribution among different tissues. In this regard, GILR shows clearly distinct 
expression profile and activity, as it will be demonstrated in the examples. 

[0038] In summary, based on the above mentioned and also taking into account the 
biological properties of the leucine zipper family which GILR is a member, it arises that, in 
general, GILR may be used to stimulate lymphocyte activity and to rescue cells from apoptotic 
cell death. GILR may of course, also be used as a probe to isolate other molecules which bind to 
GILR and which may serve to modulate its activity or otherwise be involved in intracellular 
signaling processes. 
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[0039] Accordingly, the present invention provides a DNA sequence encoding a 
glucocorticoid-induced leucine-zipper family related protein (GILR), isoforms, fragments or 
analogs thereof, said GILR, isoforms, fragments or analogs thereof capable of inhibiting 
apoptosis and stimulating lymphocyte activity. 

[0040] Embodiments of the DNA sequence of the invention include : 

(a) a cDNA sequence derived from the coding region of a native GILR protein; 

(b) DNA sequences capable of hybridization to a sequence of (a) under 
moderately stringent conditions and which encode a biologically active GILR protein; and 

(c) DNA sequences which are degenerate as a result of the genetic code to the 
DNA sequences defined in (a) and (b) and which encode a biologically active GILR protein. 

[0041] Other embodiments of the above DNA sequence are sequences comprising at least 
part of the DNA sequence depicted in SEQ ID NO:l and encoding at least one active GILR 
protein, isoform, analog or fragment; as well as a DNA sequence encoding a GILR protein, 
isoform, analog or fragment having at least part of the amino acid sequence depicted in SEQ ID 
NO: 2. 

[0042] Further embodiments of the above DNA sequence are sequences comprising at 
least part of the DNA sequence depicted in SEQ ID NO:5 and encoding at least one active 
human GILR protein, isoform, analog or fragment; as well as a DNA sequence encoding a 
human GILR protein, isoform, analog or fragment having at least part of the amino acid sequence 
depicted in SEQ ID NO: 6. 

[0043] The present invention also provides a vector comprising any one of the above 
DNA sequences. 

[0044] The vectors of the present invention are capable of being expressed in a 
eukaryotic host cell, or of being expressed in a prokaryotic host cell. 
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[0045] Accordingly, the present invention also provides transformed eukaryotic or 
prokaryotic host cells containing any of the above vectors. 

[0046] Included in the present invention are a nucleic acid construct containing a GILR 
cDNA operably linked to a mammalian T-cell lineage specific, expression regulatory sequence 
and a transgenic mouse having such a nucleic acid construct integrated into its genome. This 
transgenic mouse according to the present invention expresses GILR in its T cell lineage at an 
elevated level compared to a non-transgenic mouse, where this elevated level of GILR expression 
results in an alteration of the thymocyte subset composition and an alteration of caspase-3 
activation. 

[0047] The present invention further provides a cell of T cell lineage isolated from the 
transgenic mouse of the present invention and a stable cell line established from such a cell. 

[0048] A method of screening for compounds having glucocorticoid-related effects using 
the transgenic mouse or a plurality of the transgenic cell isolated therefrom is also provided as 
well as a method of producing a transgenic mouse of the present invention. 

[0049] By another aspect of the invention, there is provided a GILR protein, isoform, 
fragment, functional analogs or derivatives thereof encoded by any of the above DNA sequences, 
said protein, isoform, fragment, analogs and derivatives thereof being capable of inhibiting 
apoptosis and stimulating lymphocyte activity. 

[0050] Embodiments of the above proteins, etc. of the invention include a GILR protein, 
isoform, fragment, analogs and derivatives thereof, wherein said protein, isoform, analogs, 
fragments and derivatives have at least part of the amino acid sequence SEQ ID NO: 2. or of the 
aminoacid sequence SEQ ID NO: 6. 

[005 1] The present invention also provides for a method for producing the GILR protein, 
isoform, fragment, analogs or derivatives thereof, comprising growing the transformed host cells 
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under conditions suitable for the expression of said protein, analogs or derivatives, effecting post- 
translational modifications as necessary for obtaining of said protein, fragments, analogs or 
derivatives and isolating said expressed protein, fragments, analogs or derivatives. 

[0052] In another aspect, there is provided antibodies or active fragments or derivatives 
thereof, specific for the GILR protein, isoform, fragment, analogs or derivatives of the invention. 

[0053] The above DNA sequences and GILR proteins, etc. encoded thereby of the 
invention have many possible uses, and accordingly the present invention also provides for the 
following methods. It must be stressed that other therapeutic uses of GILR, its isoforms, analogs, 
fragments and derivatives, as well as antibodies against it and other antagonists of GILR activity, 
e.g. peptides, are also envisioned within the scope of the present invention, as are set forth in the 
detailed description of the invention or as arise from the disclosure herein below. Accordingly 
the following are but representatiye of the various methods in accordance with the present 
invention: 

[0054] (i) A method for the inhibition of apoptosis in cells, mediated by the Fas/Fas-L 

i 

system, CD3/TCR system or other intracellular mediators of apoptosis, comprising treating said 
cells with one or more GILR proteins, isoforms, analogs, fragments or derivatives, wherein said 
treating of said cells comprises introducing into said cells said one or more proteins, isoforms, 
analogs, fragments or derivatives in a form suitable for intracellular introduction thereof, or 
introducing into said cells a DNA sequence encoding said one or more proteins, isoforms, 
analogs, fragments or derivatives in the form of a suitable vector carrying said sequence, said 
vector being capable of effecting the insertion of said sequence into said cells in a way that said 
sequence is expressed in said cells. 

[0055] (ii) A method as in (i) above for the inhibition of apoptosis in cells, wherein said 
treating of cells comprises introducing into said cells a DNA sequence encoding said GILR 
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protein, isoforms, analogs, fragments or derivatives in the form of a suitable vector carrying said 
sequence, said vector being capable of effecting the insertion of said sequence into said cells in a 
way that said sequence is expressed in said cells. 

[0056] (iii) A method as in (i) or (ii) above wherein said treating of said cells is by 
transfection of said cells with a recombinant animal virus vector comprising the steps of: 

[0057] (a) constructing a recombinant animal virus vector carrying a sequence encoding a 
viral surface protein (ligand) that is capable of binding to a specific cell surface receptor on the 
surface of said cells to be treated and a second sequence encoding a protein selected from the 
GILR protein, isoforms, analogs, fragments and derivatives, that when expressed in said cells is 
capable of inhibiting apoptosis; and 

[0058] (b) infecting said cells with said vector of (a). 

[0059] (iv) A method for enhancing apoptosis in cells by inhibiting the activity if GILR 
proteins in said cells, comprising treating said cells with antibodies or active fragments or 
derivatives thereof, said treating being by application of a suitable composition containing said 
antibodies, active fragments or derivatives thereof to said cells. 

[0060] (v) A method for enhancing apoptosis in cells by inhibiting the activity of GILR 
proteins in said cells, comprising treating said cells with an oligonucleotide sequence encoding 
an antisense sequence for at least part of the DNA sequence encoding a GILR protein, said 
oligonucleotide sequence being capable of blocking the expression of the GILR protein. 

[0061] (vi) A method as in (v) above wherein said oligonucleotide sequence is introduced 
to said cells via a virus of (iii) above wherein said second sequence of said virus encodes said 
oligonucleotide sequence. 
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[0062] (vii) A method for treating tumor cells or HIV-infected cells or other diseased 
cells, to enhance apoptosis in said cells by inhibiting the activity of GILR proteins in said cells, 
comprising: 

[0063] (a) constructing a recombinant animal virus vector carrying a sequence encoding a 
viral surface protein capable of binding to a specific tumor cell surface receptor or HIV-infected 
cell surface receptor or receptor carried by other diseased cells and a sequence encoding an 
inactive GILR mutant protein, said mutant protein, when expressed in said tumor, HIV-infected, 
or other diseased cell is capable of inhibiting the activity of normal endogenous GILR and 
enhancing apoptosis in said cells; and 

[0064] (b) infecting said tumor or HIV-infected cells or other diseased cells with said 
vector of (a). 

[0065] (viii) A method for enhancing apoptosis in cells by inhibiting the activity of GILR 
proteins in said cells, comprising applying the ribozyme procedure in which a vector encoding a 
ribozyme sequence capable of interacting with a cellular mRNA sequence encoding a GILR 
protein, is introduced into said cells in a form that permits expression of said ribozyme sequence 
in said cells, and wherein when said ribozyme sequence is expressed in said cells it interacts with 
said cellular mRNA sequence and cleaves said mRNA sequence resulting in the inhibition of 
expression of said GILR protein in said cells. 

[0066] (ix) A method for enhancing apoptosis in cells by inhibiting the activity of GILR 
proteins in said cells, comprising introducing into said cells a peptide that is capable of binding 
the normal endogenous GILR in said cells and inhibiting its activity thereby enhancing apoptosis. 

[0067] (x) A method for isolating and identifying proteins, which are GILR-like proteins 
belonging to the leucine zipper family or are proteins capable of binding directly to GILR, 
comprising applying the yeast two-hybrid procedure in which a sequence encoding said GILR is 
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carried by one hybrid vector and sequence from a cDNA or genomic DNA library is carried by 
the second hybrid vector, the vectors then being used to transform yeast host cells and the 
positive transformed cells being isolated, followed by extraction of the said second hybrid vector 
to obtain a sequence encoding a protein which binds to said GILR. 

[0068] (xi) A method as in any of the above wherein said protein is at least one of the 
GILR isoforms, analogs, fragments and derivatives thereof. 

[0069] By yet another aspect of the present invention there are provided various 
pharmaceutical compositions, which are particularly useful for effecting at least some of the 
above methods of the invention. The following is therefore but a representative number of 
possible pharmaceutical compositions in accordance with the present invention, other possible 
compositions/formulations within the scope of the present invention are as set forth in the 
following detailed disclosure or as clearly arising therefrom: 

[0070] a) a pharmaceutical composition for the inhibition of apoptosis in cells or for 
stimulating lymphocyte activation, comprising, as active ingredient, at least one GILR protein, its 
biologically active fragments, analogs, derivatives or mixtures thereof. 

[0071] b) a pharmaceutical composition for inhibiting apoptosis in cells or for stimulating 
lymphocyte activation comprising, as active ingredient, a recombinant animal virus vector 
encoding a protein capable of binding a cell surface receptor and encoding at least one GILR 
protein, isoform, active fragments or analogs. 

[0072] c) a pharmaceutical composition for enhancing apoptosis in cells by inhibiting 
GILR activity in said cells, comprising as active ingredient, an oligonucleotide sequence 
encoding an anti-sense sequence of the GILR protein mRNA sequence. 

[0073] d) a pharmaceutical composition for enhancing apoptosis in cells by inhibiting 
GILR activity in said cells, comprising, as active ingredient, an inactive mutant GILR protein or 
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DNA sequence encoding said inactive mutant GILR protein, which GILR mutant, when 
introduced into, or expressed in, said cells inhibits the activity of the normal endogenous GILR 
protein. 

[0074] e) a pharmaceutical composition for enhancing apoptosis in cells by inhibiting 
GILR activity in said cells, comprising, as active ingredient, a peptide capable of binding to the 
active site or the leucine zipper domain of GILR and thereby inhibiting normal endogenous 
GILR activity in cells. 

Brief Description of the Drawings 

[0075] Figures 1A and IB shows reproductions of autoradiograms presenting the results 
of the analysis of GILR expression in various tissues and the effects of glucocorticoid induction 
(dexamethasone-DEX) induction of GILR expression in various tissues, wherein Fig. 1 A shows 
the expression of GILR mRNA in mouse organs. Total RNA was extracted, separated on agarose 
gel and transferred to a nitrocellulose filter. The filter was hybridized with a nick-translation- 
labeled GILR cDNA probe, washed and autoradiographed and exposed for 8 days. Each lane was 
loaded with 2[ig of total RNA; and Fig. IB shows the effect of Dexamethasone on GILR 
induction. Cells were either untreated (lanes 1, 3, 5) or treated (lanes 2, 4, 6) with 100 nM/1 DEX 
for 3 hrs. Total RNA (25 jag) was extracted, electrophoresed on a gel and transferred to a 
nitrocellulose filter. The filter was hybridized with labeled GILR cDNA and exposed for 24 
hours. Figure 1 A, lanes 1 to 9: Spleen, Kidney, Bone Marrow, Heart, Liver, Brain, Lung Lymph 
nodes, Thymus. Figure IB, lanes 1 to 6: Lymph nodes, lymph nodes + DEX, Thymus, Thymus + 
DEX, Spleen, Spleen + DEX. 

[0076] Figure 2 depicts schematically the nucleotide (SEQ ID NO: 1) and deduced 
polypeptide (amino acid) (SEQ ED NO:2) sequences of the mouse GILR gene and protein. 
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[0077] Figures 3A-3C show reproductions of autoradiograms presenting the results of the 
expression of GILR cDNA, wherein : Fig. 3 A shows the expression of GILR cDNA inserted into 
a Bluescript vector (lane 1, rabbit reticulocyte lysate control; lane 2, empty vector control; lane 3, 
vector carrying GILR cDNA (sense)) in which the expressed transcripts were translated in a 
rabbit reticulocyte lysate in the presence of [ 35 S]Met; Fig. 3B shows a Western blot in which 
rabbit polyclonal antiserum was used for Western blot analysis of GILR fusion protein 
constructed and expressed as detailed herein below (lane 1, preimmune serum; lane 2, anti-GILR 
Ab); and Fig. 3C shows the Western blot analysis of GILR protein performed using rabbit 
preimmune serum (lane 1, untreated thymocytes; lane 2, thymocytes treated with DEX lOOnM) 
or anti-GILR Ab (lane 3, untreated thymocytes; lane 4, thymocytes treated with DEX). 

[0078] Figure 4 is a schematic depiction of the comparison of the leucine zipper motif 
(residues 76-101 of SEQ ID NO:2) in the open reading frame of the murine GILR cDNA with 
those of other members of the leucine zipper family (SEQ ID NOs:7-l 1). 

[0079] Figures 5 A and 5B show reproductions of autoradiograms presenting the results of 
the RNase protection analysis of GILR mRNA expression in transfected clones, wherein in Fig. 
5 A there is shown in lanes 1, 2, transfected clones with empty pcDNA3 controls; lanes 3-8, 
transfected clones with GILR cDNA; lane 9, tRNA control; lane 10, undigested probe control; 
and Fig. 5B shows in lane 1, undigested probe control; lanes 2-4, transfected clones with empty 
pcDNA3 controls; lanes 5-7, transfected clones with GILR cDNA; lane 8, tRNA control. 20|Lig 
RNA was loaded on each lane. Fig. 5C shows schematically the construct in which the fragment 
that the antisense probe would protect upon single-strand specific RNase digestion. 

[0080] Figure 6 shows a bar-graph representation of the results demonstrating the 
protection from TCR-induced death of 3DO transfected clones. 3DO cells were transfected by 
electroporation with 15^ig of linearized pcDNA3 or 15|^g linearized of pcDNA3 vector 
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expressing the GILR cDNA. For induction of apoptosis, cells were cultured for 20 hrs on plates 
coated with anti-CD3 (ljag/ml). The percentage of cell death was assessed by measurement of the 
DNA content of isolated nuclei stained with propidium iodide. The data shown are representative 
of three independent experiments. 

[0081] Figures 7A-7D are bar- graph representations of the results of the analysis of 
apoptosis induced by other stimuli on 3DO transfected clones, wherein in Fig. 7A is shown the 
results obtained with withdrawn trophic factor; in Fig. 7B is shown the results obtained with u.v. 
irradiation (100 J/m2); in Fig. 7C is shown the results obtained with DEX (lOOmM/1); and in Fig. 
7D is shown the results obtained with monoclonal (mAb) anti-Fas antibody (5(ag/ml). All groups 
were treated for 20 hours. Cell death was measured as indicated above with respect to Fig. 6, and 
as noted herein below . 

[0082] Figures 8 A and 8B are bar- graph representations of the results of the Fas and Fas- 
L expression on 3DO transfected clones. 3DO cells transfected with empty vector or with GILR 
pcDNA3 were triggered with anti-CD3 mAb (l|ig/ml) for 20 hrs and analyzed for Fas (Fig. 8 A) 
and Fas-L (Fig. 8B) expression. 

[0083] Figures 9 A and 9B show reproductions of autoradiograms presenting the 
expression of Fas mRNA in transfected clones wherein: Fig. 9A shows the expression of Fas 
mRNA in clones transfected with empty pcDN A3 untreated (lanes 1, 3, 5, 7, 9), with empty 
pcDNA3 treated with anti-CD3 monoclonal antibody (l|ug/ml) for 20 hours (lanes 2, 4, 6, 8, 10), 
with GILR cDNA untreated (lanes 11,13, 15, 17, 19) and with GILR cDNA treated with anti- 
CD3 monoclonal antibody (l|ig/ml) for 20 hours untreated (lanes 12, 14, 16, 18, 20). Fig. 9B 
shows the RNase protection analysis of FasL mRNA expression in the transfected clones. Fas-L 
(lane 1) or p actin (lane 2) undigested probe; clones transfected with empty pcDNA3 untreated 
(lanes 3, 5, 7, 16, 18) or treated with anti-CD3 monoclonal antibody (1 jig/ml) for 20 hours (lanes 
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4, 6, 8, 17, 19) with GILR cDNA and untreated (lanes 9, 1 1, 13, 20, 22) and with GILR cDNA 
and then treated with anti-CD3 monoclonal antibody (l|ag/ml) for 20 hours (lanes 10, 12, 14, 21, 
23); tRNA (lane 15). 20 |ug RNA were loaded on each lane. The length of the protected antisense 
mRNA Fas-L fragment is 184 base pairs. 

[0084] Figures 10A and 10B show reproductions of autoradiograms presenting the results 
on the effect of different agents on the modulation of GILR mRNA expression, wherein Fig. 10A 
shows that anti-CD3 down-modulates and anti-CD2 up-modulates GILR expression. 3DO cells 
were cultured in 96-well plates with medium alone, coated with anti-CD3 (l^g/ml) and or anti- 
CD2 monoclonal antibody (l|ug/ml) and or anti-CD2 monoclonal antibody (50|ig/ml). Lane 1 = 
control; lane 2 = anti CD3 + anti CD2; lane 3 = anti-CD2; lane 4 = anti CD3. Fig. 10B shows that 
cyclosporin inhibits anti-CD3 -driven down-modulation of GILZ expression. 3DO cells were 
cultured on anti-CD3 -coated plates (l|ug/ml) in presence or in absence of cyclosporin (l\xg/m\). 
In both 10A and 10B, the expression of GILR was evaluated by Northern blot. 20 |ig RNA were 
loaded on each lane. Lane 1 = control; lane 2 = anti CD3; lane 3 = Cyclosporin; lane 4 = anti 
CD3 + cyclosporin. 

[0085] Figures 1 1 A and 1 IB show the results on the induction of GILR expression by 
anti-CD3 with or without Dexamethasone treatment. Figure 1 1 A shows a Western blot analysis 
of GILR protein in nuclear cell extracts of untreated thymocytes (lane 1), thymocytes cultivated 
on plates coated with anti-CD3 (l(xg/ml) for 3 hours (lane 2), thymocytes treated with lOOnM 
Dexamethasone for 3 hours (lane 3) and thymocytes cultivated on plates coated with anti-CD3 (1 
\xg/m\) for 3 hours and treated, for the same time, with lOOnM Dexamethasone. The amount of 
protein loaded in each lane is compared with an signal obtained with an antibody against □ 
tubulin. Figure 1 IB shows an autoradiogram of a Northern blot analysis of GILR mRNA, 
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comparing untreated_thymocytes (lane 1), thymocytes cultivated on plates coated with anti-CD3 
(l|ag/ml) for 3 hours (lane 2), thymocytes treated with lOOnM Dexamethasone for 3 hours (lane 
3) and thymocytes cultivated on plates coated with anti-CD3 (l^ig/ml) for 3 hours and treated, for 
the same time, with lOOnM Dexamethasone. The filter was hybridized with labeled GILR cDNA 
and exposed for autoradiography for 48 hours. The amount of total RNA (25 ixg) loaded in each 
lane, run on the gel and transferred to the filter is compared with the signal obtained with labeled 
/3-actin cDNA. 

[0086] Figures 12A and 12B show the results on the expression and the localization of 
GILR protein. Figures 1 1 A is a protein immunoblot analysis of GILR protein. 3DO clones were 
trasfected with the empty vector pcDNA3: nuclear (lane 1) and cytoplasmatic (lane 3) protein 
extracts were purified, loaded on the gel and transferred to the filter. The nuclear and 
cytoplasmatic protein extracts from 3DO clones trasfected with GILR cDNA are shown in lane 2 
and lane 4, respectively. Figure 1 IB is a protein immunoblot analysis of j8 tubulin protein in the 
same extracts. 

[0087] Figure 13 depicts schematically the nucleotide (SEQ ID NO:5) and deduced 
polypeptide (amino acid) (SEQ ID NO:6) sequences of the human GILR gene and protein 

[0088] Figure 14 shows the comparison between mouse GILR (UPPERCASE) (SEQ ED 
NO:l) and human GILR (lowercase) (SEQ ID NO:5) cDNA sequence. 

[0089] Figure 15 shows the alignment of the protein sequences of mouse GILR (mG) 
(SEQ ID NO:2) compared to human GILR(hG) (SEQ ID NO:6), human DIP (hD;Vogel et al, 
1996; accession number in Swiss-Prot Q99576) (SEQ ID NO:12) and human TSC-22 (hT; Jay et 
al., 1996; accession number in Swiss-Prot Q15714) (SEQ ID NO:13). Residues which identical 
to mouse GILR are labelled with (=), meanwhile the residues which are homologous, are labelled 
with (-). 
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[0090] Figure 16A shows a schematic representation of the construct used for embryo 
injection and Figure 16B shows the Southern blot from tails of mice generated from 
microinjected embryos. The band corresponds to the labeled probe specific for hOD2-mGILR 
transgene hybridizing with genomic DNA of transgenic mice in which the construct is integrated 
(GO-TG mice). The band related to the probe is absent in microinjected wild type (WT) mice in 
which the hCD2-mGILR transgene was not integrated, or not integrated correctly. 

[0091] Figures 17A and 17B show the expression levels of GILR in transgenic (GO-TG) 
mice compared to control, wild-type (WT) mice. In Fig. 17A, GILR and p-actin mRNA quantity 
was evaluated by ribonuclease protection assay in thymocytes from WT and GO-TG mice and 
the ratio of the expression levels between GILZ and p-actin was calculated. Fig. 17B shows a 
Western blot obtained by using antibodies recognizing GILR or p-tubulin, and protein extracts of 
thymocytes obtained from untreated control mice (lane C) or treated with 0.01, 0.1, 1, or 10 
mg/kg Dexamethasone (DEX), or from three different GO-TG mice (TG #1, TG #2, TG #3). 

[0092] Figures 18A and 18B show representative dot plots for thymocytes subsets 
obtained from control (WT) (Fig. 18A) or GO-TG (Fig. 18B) mice by two-color flow cytometry 
analysis. Thymocytes were stained with anti-CD4 and anti-CD8 monoclonal antibodies. Numbers 
represent the mean + 1 SEM from 10 independent experiments. The asterisk indicates values 
having p<0.05. 

[0093] Figures 19A and 19B show the results of a representative experiment on the 
increased apoptosis of cultured thymocytes from control (WT) (Fig. 19 A) or GO-TG (Fig. 19B) 
mice. 

[0094] Figures 20 A and 20B show the subset of thymocytes involved in early apoptosis, 
as identified by three colour flow cytometry for CD4, CD8 and Annexin-V molecules. Fig. 20A 
is a histogram representing thymocyte subsets R2 (R2 = CD4 + CD8 low ) or R3 (R3 = CD4 + CD8") 
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regions. Fig. 20B is a representative experiment showing the statistically significant (* p < 0.05) 
increase for Annexin-V staining in CD4 + CD8 Iow cells. Numbers indicate the mean percentage + 1 
SEM of 3 independent experiments. 

[0095] Figures 21 A and 21B are graphs showing the results of the thymidine uptake 
experiments performed with the different subsets of control or GO-TG thymocytes, non- 
stimulated or stimulated Concanavallin A (Con A). Bars show the mean + 1 SEM. 

[0096] Figure 22 is a graph showing the results of a representative experiment on the 
increased differences amongst thymocyte subsets between aged control (WT) and GO-TG mice. 
Bars indicate the mean cell number + 1 SEM. Asterisks (*) represent the probability of 
significant differences as indicated in the figure. 

[0097] Figure 23 is graph showing the results of a representative experiment on the 
increased differences amongst splenocyte subsets in control (WT) and GO-TG mice. Bars 
indicate the mean cell number + 1 SEM. Asterisks (*) represent the probability of significant 
differences as indicated in the figure. Analyses were performed on 15 mice. 

[0098] Figure 24 shows the activation of caspase-3 in control (WT) and in GILR 
overexpressing transgenic (GO-TG) thymocytes. The activation level is compared to the one 
detected by culturing the thymocytes with or without (NT) 1 mg/kg Dexamethasone (DEX). 

[0099] It should be noted that all of the above figures are also described and referred to in 
the Example herein below. 

Detailed Description of the Invention 

[00100] In accordance with the present invention, a new member of the leucine zipper 
family, designated GILR, has been isolated. The cDNA encoding GILR has been identified, 
cloned, and sequenced and the protein encoded by this cDNA has been expressed, and its amino 
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acid sequence has been deduced from the cDNA sequence. The GILR gene represents a gene 
whose transcription is regulated by glucocorticoid hormones (GCH) as evidenced by its induction 
by the synthetic GCH dexamethasone (DEX), and further represents such a GCH-regulated gene 
whose expression is involved in the modulation of T lymphocyte apoptosis. 

[00101] The GILR protein (see Figs. 2, 4 and 13) has good homology with all the other 
members of the leucine zipper family especially in the leucine zipper domain, including at least 
some homology with the protein TSC-22, whose function has not yet been defined, but which has 
also been shown to be induced by DEX-treatment (Shibanuma et al., 1992, Jay et al., 1996). Four 
leucine residues in GILR spanned by 7 amino acids (at positions 76, 83, 90 and 97) and an 
asparagine residue (at position 87) within the leucine zipper domain are compatible with the 
canonical leucine-zipper structure of the family. 

[00102] However, like TSC-22, GILR does not seem to contain the canonical basic 
domain that is found in most transcription factors and is essential for binding to DNA. 

[00103] Moreover, contrary to other leucine zipper molecules (Goldstone and Lavin, 1994; 
Hope and Struhl, 1987; Nicholas et al, 1991; Yamamoto et al., 1988), both TSC-22 and GILR, 
have a relatively small size (respectively 143 and 137 amino acids in total length) suggesting that 
these two may represent a new family of low molecular weight leucine zipper proteins. The 
GILR protein, moreover, has a domain, extended from residue 59 to residue 138 identical to 
protein hDIP (Vogel et al., 1996), whose function has not yet been defined. 

[00104] The GILR mRNA is clearly detectable, by Northern blotting, in freshly isolated 
thymocytes, spleen and lymph node cells, and mRNA and protein expression is induced in 
lymphoid tissues such as thymocytes, spleen and lymph nodes, by treatment with DEX (see Fig. 
1). Although these results may suggest that this gene is mainly expressed in T lymphocytes, the 
expression in other tissues, (including those in which there has been found low or no mRNA 
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expression: bone marrow, heart, lung, liver, brain and kidney), cannot be excluded under peculiar 
contexts such as, for instance, during inflammatory processes and tissue regeneration or in the 
presence of tissue-specific signals. Anyway, the expression pattern of GILR is peculiar is 
compared to the more similar low molecular weight leucine zipper proteins: TSC-22 mRNA was 
detected, using Northern blot, fairly ubiquitously among different tissue when its level was 
compared with that of tubulin in both mouse (Shibanuma et al., 1992) and human tissues (Jay et 
al., 1996), the analysis of hDIP gene expression pattern by combined Reverse Transcriptase- 
Polymerase Chain Reaction hybridization showed a significant expression of the hDIP gene at 
comparable level in each of the investigating tissues, comprising heart, lung, stomach, blood, 
pancreas and others (Vogel et al, 1996). The subcellular localization, as well, is different 
between GILR, which is clearly nuclear (Fig. 11) and TSC-22, which can be nuclear and 
cytoplasmatic (Shibanuma et al., 1992). 

[00105] The results obtained following transfection experiments, indicate that the GILR 
gene is able to inhibit T-cell apoptosis induced by treatment with anti-CD3 mAb. On the 
contrary, the same transfected clones are protected only to a significantly lesser extent against the 
programmed cell death induced with other typical apoptotic agents such as DEX, UV irradiation, 
serum starvation or triggering of Fas by crosslinked anti-Fas mAb. 

[00106] For example, DEX has previously been shown to induce apoptosis in T 
lymphocytes, including thymocytes and T cell hybridomas, as well as to inhibit cell death 
activated by triggering of the CD3/TCR complex (Cohen and Duke, 1984; Yang et al., 1995). 
These results indicate that GILR is specific in counteracting T-cell death activated by triggering 
of the CD3/TCR complex and could contribute in part to the DEX-induced inhibition of 
CD3/TCR-activated apoptosis. 
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[00107] This protective effect raises the question about the possible mechanism(s) of 
GILR-induced inhibition of apoptosis. The present results indicate that the apoptosis inhibition, 
associated to GILR overexpression, correlates with the inhibition of Fas overexpression and Fas- 
L expression induced by treatment with anti-CD3 mAb (Figs. 8, 9 and Table II). One possibility 
is that GILR interacts with other molecules, at the present unknown, which are involved in the 
activation of Fas and Fas-L gene expression. GILR could interact either with signal(s), induced 
by TCR/CD3 triggering in activated lymphocytes, or directly with transcription factors involved 
in the regulation of Fas and Fas-L gene transcription. 

[00108] Moreover, the increase of GILR expression, following DEX/T-cell interaction, 
suggests that this gene may be involved in regulating lymphocyte death. In fact, it has been 
suggested that GCH could participate in the regulation of T cell selection and contribute, together 
with other stimuli, (such as Ag/TCR interaction, cytokines and co-accessory molecules) in the 
complex selection network involved in the control of T-cell survival (Migliorati et al., 1993; 
Nieto et al., 1990; Nieto and Lopez-Rivas, 1989; Cohen and Duke, 1984; Wyllie, 1980). 

[00109] The experimental results, in accordance with the present invention, thus describe 
the identification of a gene coding for a new molecule, GILR, of the Leucine zipper family which 
may be involved in the regulation of cell death. 

[001 1 0] The present invention therefore concerns, in one aspect, novel GILR proteins 
which are capable of mediating or modulating the intracellular Fas-mediated cell death or 
apoptosis pathway and possibly also cell survival pathways in which Fas plays a role as detailed 
herein above. This GILR appears to be an inhibitor of apoptosis activated by the triggering of the 
CD3/TCR complex as well as an inhibitor of Fas/Fas-L expression and as such GILR may play a 
key role in rescuing cells from cell death. 
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[001 11] More particularly, in accordance with the present invention, a new protein GILR 
has been disclosed, which is involved in both the cell death pathway intracellularly, and may also 
been involved in intracellular cell survival pathways. Hence, regulation or control of the activity 
of GILR can regulate either or both of these pathways or even the binding of TNF or Fas-ligand 
to their receptors (for TNF, the p55-R in particular), which are known to activate both cell death 
and cell survival pathways, the extent of activation of one pathway in comparison to the other 
possibly determining the final outcome of the, for example, CD3/TCR complex-, TNF-, or Fas- 
ligand-induced intracellular events, i.e. whether the cell dies or survives. As GILR appears to 
directly effect (i.e. inhibit Fas/Fas-L expression it appears to be more directly related to 
protecting cells from cell death. Thus, the GILR protein of the present invention represents an 
important intracellular modulator or mediator, especially as regards apoptosis. 

[001 12] Due to the unique ability of Fas, CD3/TCR and the TNF receptors to cause cell 
death, as well as the ability of the TNF receptors to trigger various other tissue-damaging 
activities, aberration of the function of these receptors can be particularly deleterious to the 
organism. Indeed, both excessive and deficient function of these receptors have been shown to 
contribute to the pathological manifestations of various diseases. Identifying molecules that take 
part in the regulation of the expression as well as the signaling activity of these receptors, and 
finding ways to modulate the function of these molecules, constitutes a potential clue for new 
therapeutical approaches to these diseases. In view of the suspected important role of GILR in 
Fas and possibly also p55-TNF receptor toxicity due to the inter-relationship or cross-talk 
between Fas and p55-TNF receptors, it seems particularly important to design drugs that can 
block the cytotoxic function of the Fas, CD3/TCR and other aforesaid mediators, possibly by 
way of increasing GILR expression or otherwise increasing the amounts of GILR. This would 
allow for the enhancement/augmentation of the rescue of cells from cell death in those 
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pathological conditions where cell death should be reduced, e.g. in inflammation, various 
autoimmune diseases and the like where increased cell survival is sought, 

[001 13] Conversely, when it is desired to kill cells, for example cancer cells, HIV-infected 
cells and the like, it would be desirable to enhance the cytotoxic effects of Fas, CD3/TCR, p55- 
TNF receptor (and their associated proteins such as, for example, MORT-1, MACH, Mch4, 
TRADD), and this by reducing the expression or amounts of GILR. 

[001 14] It must be pointed out, though, that the presented experimental evidences on the 
GILR function (i.e. inhibition of T-cell apoptosis, specifically the one induced by treatment with 
anti-CD3 mAb and activated by the triggering of the CD3/TCR complex, as well as an inhibition 
of Fas/Fas-L expression) clearly differentiate GILR from the other elements of the same Leucine- 
zipper family. As more recently demonstrated, the transfection of a TSC-22 expression vector 
elicits the apoptotic cell death in a human gastric carcinoma cell line though the activation of 
TGF-/3 signalling pathway to apoptosis (Ohta et al., 1997). 

[001 15] The present invention also concerns the DNA sequence encoding a GILR protein 
and the GILR proteins encoded by the DNA sequences. 

[001 16] Moreover, the present invention further concerns the DNA sequences encoding 
biologically active iso forms, analogs, fragments and derivatives of the GILR protein, and the 
isoforms, analogs, fragments and derivatives encoded thereby. The preparation of such analogs, 
fragments and derivatives is by standard procedure (see for example, Sambrook et al., 1989) in 
which in the DNA sequences encoding the GILR protein, one or more codons may be deleted, 
added or substituted by another, to yield analogs having at least one amino acid residue change 
with respect to the native protein. 

[001 17] Of the above DNA sequences of the invention which encode a GILR protein, 
isoform, analog, fragment or derivative, there is also included, as an embodiment of the 
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invention, DNA sequences capable of hybridizing with a cDNA sequence derived from the 
coding region of a native GILR protein, in which such hybridization is performed under 
moderately stringent conditions, and which hybridizable DNA sequences encode a biologically 
active GILR protein. These hybridizable DNA sequences therefore include DNA sequences 
which have a relatively high homology to the native GILR cDNA sequence and as such represent 
GILR-like sequences which may be, for example, naturally-derived sequences encoding the 
various GILR isoforms, or naturally-occurring sequences encoding proteins belonging to a group 
of GILR-like sequences encoding a protein having the activity of GILR. Further, these sequences 
may also, for example, include non-naturally occurring, synthetically produced sequences, that 
are similar to the native GILR cDNA sequence but incorporate a number of desired 
modifications. Such synthetic sequences therefore include all of the possible sequences encoding 
analogs, fragments and derivatives of GILR, all of which have the activity of GILR. 

[001 1 8] To obtain the various above noted naturally occurring GILR-like sequences, 
standard procedures of screening and isolation of naturally-derived DNA or RNA samples from 
various tissues may be employed using the natural GILR cDNA or portion thereof as probe (see 
for example standard procedures set forth in Sambrook et al., 1989). 

[001 19] Likewise, to prepare the above noted various synthetic GILR-like sequences 
encoding analogs, fragments or derivatives of GILR, a number of standard procedures may be 
used as are detailed herein below concerning the preparation of such analogs, fragments and 
derivatives. 

[00120] A polypeptide or protein "substantially corresponding" to GILR protein includes 
not only GILR protein but also polypeptides or proteins that are analogs of GILR. 

[00121] Analogs that substantially correspond to GILR protein are those polypeptides in 
which one or more amino acid of the GILR protein's amino acid sequence has been replaced with 
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another amino acid, deleted and/or inserted, provided that the resulting protein exhibits 
substantially the same or higher biological activity as the GILR protein to which it corresponds. 

[00122] In order to substantially correspond to GILR protein, the changes in the sequence 
of GILR proteins, such as isoforms are generally relatively minor. Although the number of 
changes may be more than ten, preferably there are no more than ten changes, more preferably no 
more than five, and most preferably no more than three such changes. 

[00123] While any technique can be used to find potentially biologically active proteins 
which substantially correspond to GILR proteins, one such technique is the use of conventional 
mutagenesis techniques on the DNA encoding the protein, resulting in a few modifications. The 
proteins expressed by such clones can then be screened for their ability to bind to GILR and to 
modulate GILR activity in modulation/mediation of the intracellular pathways noted above. 

[00124] "Conservative" changes are those changes which would not be expected to change 
the activity of the protein and are usually the first to be screened as these would not be expected 
to substantially change the size, charge or configuration of the protein and thus would not be 
expected to change the biological properties thereof. 

[00125] Conservative substitutions of GILR proteins include an analog wherein at least 
one amino acid residue in the polypeptide has been conservatively replaced by a different amino 
acid. Such substitutions preferably are made in accordance with the following list as presented in 
Table A, which substitutions may be determined by routine experimentation to provide modified 
structural and functional properties of a synthesized polypeptide molecule while maintaining the 
biological activity characteristic of GILR protein. 
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Table A 



Original 


Exemplary 


Residue 


Substitution 


Ala 


Gly;Ser 


Arg 


Lys 


Asn 


Gln;His 


Asp 


Glu 


Cys 


Ser 


Gin 


Asn 


Glu 


Asp 


Gly 


Ala;Pro 


His 


Asn;Gln 


He 


Leu;Val 


Leu 


He;Val 


Lys 


Arg;Gln;Glu 


Met 


Leu;Tyr;Ile 


Phe 


Met;Leu;Tyr 


Ser 


Thr 


Thr 


Ser 


Trp 


Tyr 


Tyr 


Trp;Phe 


Val 


Ile;Leu 



[00126] Alternatively, another group of substitutions of GILR protein are those in which at 
least one amino acid residue in the polypeptide has been removed and a different residue inserted 
in its place according to the following Table B. The types of substitutions which may be made in 
the polypeptide may be based on analysis of the frequencies of amino acid changes between a 
homologous protein of different species, such as those presented in Table 1-2 of Schulz et al., 
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G.E., Principles of Protein Structure Springer- Verlag, New York, NY, 1798, and Figs. 3-9 of 
Creighton, T.E., Proteins: Structure and Molecular Properties, WTL Freeman & Co., San 
Francisco, CA 1983. Based on such an analysis, alternative conservative substitutions are defined 
herein as exchanges within one of the following five groups: 

TABLES 

1. Small aliphatic, nonpolar or slightly polar residues: Ala, Ser, Thr (Pro, Gly); 

2. Polar negatively charged residues and their amides: Asp, Asn, Glu, Gin; 

3. Polar, positively charged residues: 
His, Arg, Lys; 

4. Large aliphatic nonpolar residues: 
Met, Leu, He, Val (Cys); and 

5. Large aromatic residues: Phe, Tyr, Trp. 

[00127] The three amino acid residues in parentheses above have special roles in protein 
architecture. Gly is the only residue lacking any side chain and thus imparts flexibility to the 
chain. This however tends to promote the formation of secondary structure other than a-helicaL 
Pro, because of its unusual geometry, tightly constrains the chain and generally tends to promote 
6-turn-like structures, although in some cases Cys can be capable of participating in disulfide 
bond formation which is important in protein folding. Note that Schulz et al., supra, would merge 
Groups 1 and 2, above. Note also that Tyr, because of its hydrogen bonding potential, has 
significant kinship with Ser, and Thr, etc. 

[00128] Conservative amino acid substitutions according to the present invention, e.g., as 
presented above, are known in the art and would be expected to maintain biological and 
structural properties of the polypeptide after amino acid substitution. Most deletions and 
substitutions according to the present invention are those which do not produce radical changes 
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in the characteristics of the protein or polypeptide molecule. "Characteristics" is defined in a non- 
inclusive manner to define both changes in secondary structure, e.g. a-helix or fi-sheet, as well as 
changes in biological activity, e.g., inhibition of apoptosis mediated by CD3/TCR, Fas and other 
mediators, by GILR. 

[00129] Examples of production of amino acid substitutions in proteins which can be used 
for obtaining analogs of GILR proteins for use in the present invention include any known 
method steps, such as presented in U.S. patent RE 33,653, 4,959,314, 4,588,585 and 4,737,462, 
to Mark et al.; 5,1 16,943 to Koths et al., 4,965,195 to Namen et al.; 4,879,1 1 1 to Chong et al.; 
and 5,017,691 to Lee et al; and lysine substituted proteins presented in U.S. patent No. 
4,904,584 (Shaw et al.). 

[00130] Besides conservative substitutions discussed above which would not significantly 
change the activity of GILR protein, either conservative substitutions or less conservative and 
more random changes, which lead to an increase in biological activity of the analogs of GILR 
proteins, are intended to be within the scope of the invention. 

[00131] When the exact effect of the substitution or deletion is to be confirmed, one 
skilled in the art will appreciate that the effect of the substitution(s), deletion(s), etc., will be 
evaluated by routine binding and cell death assays. Screening using such a standard test does not 
involve undue experimentation. 

[00132] Acceptable GILR analogs are those which retain at least the capability of 
inhibiting apoptosis induced by CD3/TCR and/or Fas, or alternatively, those analogs which have 
no such inhibitory activity and serve rather as competitive antagonists of normal GILR 
molecules. Such antagonists are useful in situations where it is desired to enhance apoptosis. 

[00133] In such a way, analogs can be produced which have a so-called dominant-negative 
effect, namely, an analog which is defective in inhibiting CD3/TCR-induced apoptosis or 
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Fas/Fas-L expression. Further, analogs having a so-called dominant-positive effect can be 
produced which have a greater than normal GILR capability for inhibiting apoptosis induced by 
CD3/TCR or Fas/Fas-L, these being particularly useful when it is desired to enhance cell survival 
in certain instances as noted above. 

[00134] At the genetic level, these analogs are generally prepared by site-directed 
mutagenesis of nucleotides in the DNA encoding the GILR protein, thereby producing DNA 
encoding the analog, and thereafter synthesizing the DNA and expressing the polypeptide in 
recombinant cell culture. The analogs typically exhibit the same or increased qualitative 
biological activity as the naturally occurring protein, Ausubel et al., Current Protocols in 
Molecular Biology, Greene Publications and Wiley Interscience, New York, NY, 1987-1995; 
Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, 
Cold Spring Harbor, NY, 1989. 

[00135] Preparation of a GILR protein in accordance herewith, or an alternative nucleotide 
sequence encoding the same polypeptide but differing from the natural sequence due to changes 
permitted by the known degeneracy of the genetic code, can be achieved by site-specific 
mutagenesis of DNA that encodes an earlier prepared analog or a native version of a GILR 
protein. Site-specific mutagenesis allows the production of analogs through the use of specific 
oligonucleotide sequences that encode the DNA sequence of the desired mutation, as well as a 
sufficient number of adjacent nucleotides, to provide a primer sequence of sufficient size and 
sequence complexity to form a stable duplex on both sides of the deletion junction being 
traversed. Typically, a primer of about 20 to 25 nucleotides in length is preferred, with about 5 to 
10 complementing nucleotides on each side of the sequence being altered. In general, the 
technique of site-specific mutagenesis is well known in the art, as exemplified by publications 
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such as Adelman et al., DNA 2:183 (1983), the disclosure of which is incorporated herein by 
reference. 

[00136] As will be appreciated, the site-specific mutagenesis technique typically employs 
a phage vector that exists in both a single-stranded and double-stranded form. Typical vectors 
useful in site-directed mutagenesis include vectors such as the Ml 3 phage, for example, as 
disclosed by Messing et al., Third Cleveland Symposium on Macromolecules and Recombinant 
DNA, Editor A. Walton, Elsevier, Amsterdam (1981), the disclosure of which is incorporated 
herein by reference. These phage are readily available commercially and their use is generally 
well known to those skilled in the art. Alternatively, plasmid vectors that contain a single- 
stranded phage origin of replication (Veira et al., Meth. Enzymol. 153:3, 1987) may be employed 
to obtain single-stranded DNA. 

[00137] In general, site-directed mutagenesis in accordance herewith is performed by first 
obtaining a single-stranded vector that includes within its sequence a DNA sequence that encodes 
the relevant polypeptide. An oligonucleotide primer bearing the desired mutated sequence is 
prepared synthetically by automated DNA/oligonucleotide synthesis. This primer is then 
annealed with the single- stranded protein-sequence-containing vector, and subjected to DNA- 
polymerizing enzymes such as E. coli polymerase I Klenow fragment, to complete the synthesis 
of the mutation-bearing strand. Thus, a mutated sequence and the second strand bears the desired 
mutation. This heteroduplex vector is then used to transform appropriate cells, such as E. coli 
JM101 cells, and clones are selected that include recombinant vectors bearing the mutated 
sequence arrangement. 

[00138] After such a clone is selected, the mutated GILR protein sequence may be 
removed and placed in an appropriate vector, generally a transfer or expression vector of the type 
that may be employed for transfection of an appropriate host. 
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[00139] Accordingly, gene or nucleic acid encoding for a GILR protein can also be 
detected, obtained and/or modified, in vitro, in situ and/or in vivo, by the use of known DNA or 
RNA amplification techniques, such as PCR and chemical oligonucleotide synthesis. PCR allows 
for the amplification (increase in number) of specific DNA sequences by repeated DNA 
polymerase reactions. This reaction can be used as a replacement for cloning; all that is required 
is a knowledge of the nucleic acid sequence. 

[00140] In order to carry out PCR, primers are designed which are complementary to the 
sequence of interest. The primers are then generated by automated DNA synthesis. 

Because primers can be designed to hybridize to any part of the gene, conditions 
can be created such that mismatches in complementary base pairing can be tolerated. 

Amplification of these mismatched regions can lead to the synthesis of a 
mutagenized product resulting in the generation of a peptide with new properties (i.e., site 
directed mutagenesis). See also, e.g., Ausubel, supra, Ch. 16. Also, by coupling complementary 
DNA (cDNA) synthesis, using reverse transcriptase, with PCR, RNA can be used as the starting 
material for the synthesis of the extracellular domain of a prolactin receptor without cloning. 

[00141] Furthermore, PCR primers can be designed to incorporate new restriction sites or 
other features such as termination codons at the ends of the gene segment to be amplified. This 
placement of restriction sites at the 5 f and 3* ends of the amplified gene sequence allows for gene 
segments encoding GILR protein or a fragment thereof to be custom designed for ligation other 
sequences and/or cloning sites in vectors. 

[00142] PCR and other methods of amplification of RNA and/or DNA are well known in 
the art and can be used according to the present invention without undue experimentation, based 
on the teaching and guidance presented herein. Known methods of DNA or RNA amplification 
include, but are not limited to polymerase chain reaction (PCR) and related amplification 
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processes (see, e.g., U.S. patent Nos. 4,683,195, 4,683,202, 4,800,159, 4,965,188, to Mullis et al.; 
4,795,699 and 4,921,794 to Tabor et al.; 5,142,033 to Innis; 5,122,464 to Wilson et al.; 5,091,310 
to Innis; 5,066,584 to Gyllensten et al.; 4,889,818 to Gelfand et al.; 4,994,370 to Silver et al.; 
4,766,067 to Biswas; 4,656,134 to Ringold; and Innis et al., eds., PCR Protocols: A Guide to 
Method and Applications) and RNA mediated amplification which uses anti-sense RNA to the 
target sequence as a template for double stranded DNA synthesis (U.S. patent No. 5,130,238 to 
Malek et al., with the tradename NASBA); and immuno-PCR which combines the use of DNA 
amplification with antibody labeling (Ruzicka et al., Science 260:487 (1993); Sano et al., Science 
258:120 (1992); Sano et al., Biotechniques 9:1378 (1991), the entire contents of which patents 
and reference are entirely incorporated herein by reference. 

[00143] In an analogous fashion, biologically active fragments of GILR proteins (e.g. 
those of any of the GILR or its iso forms) may be prepared as noted above with respect to the 
analogs of GILR proteins. Suitable fragments of GILR proteins are those which retain the GILR 
activity as noted above. Accordingly, GILR protein fragments can be prepared which have a 
dominant-negative or a dominant-positive effect as noted above with respect to the analogs. It 
should be noted that these fragments represent a special class of the analogs of the invention, 
namely, they are defined portions of GILR proteins derived from the full GILR protein sequence 
(e.g., from that of any one of the GILR or its isoforms), each such portion or fragment having any 
of the above-noteid desired activities. Such fragment may be, e.g., a peptide. 

[00144] Similarly, derivatives may be prepared by standard modifications of the side 
groups of one or more amino acid residues of the GILR protein, its analogs or fragments, or by 
conjugation of the GILR protein, its analogs or fragments, to another molecule e.g. an antibody, 
enzyme, receptor, etc., as are well known in the art. Accordingly, "derivatives" as used herein 
covers derivatives which may be prepared from the functional groups which occur as side chains 
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on the residues or the N- or C-terminal groups, by means known in the art, and are included in 
the invention. Derivatives may have chemical moieties such as carbohydrate or phosphate 
residues, provided such a fraction has the same or higher biological activity as GILR proteins. 

[00145] For example, derivatives may include aliphatic esters of the carboxyl groups, 
amides of the carboxyl groups by reaction with ammonia or with primary or secondary amines, 
N-acyl derivatives or free amino groups of the amino acid residues formed with acyl moieties 
(e.g., alkanoyl or carbocyclic aryl groups) or O-acyl derivatives of free hydroxyl group (for 
example that of seryl or threonyl residues) formed with acyl moieties. 

[00146] The term "derivatives" is intended to include only those derivatives that do not 
change one amino acid to another of the twenty commonly occurring natural amino acids. 

[00147] GILR is a protein or polypeptide, i.e. a sequence of amino acid residues. A 
polypeptide consisting of a larger sequence which includes the entire sequence of a GILR 
protein, in accordance with the definitions herein, is intended to be included within the scope of 
such a polypeptide as long as the additions do not affect the basic and novel characteristics of the 
invention, i.e., if they either retain or increase the biological activity of GILR protein or can be 
cleaved to leave a protein or polypeptide having the biological activity of GILR protein. Thus, 
for example, the present invention is intended to include fusion proteins of GILR protein with 
other amino acids or peptides. 

[00148] The new GILR protein, their analogs, fragments and derivatives thereof, have a 
number of possible uses, for example: 

[00149] (i) GILR protein, its isoforms, analogs, fragments and derivatives may be used to 
enhance/augment the inhibition of apoptosis mediated or induced by CD3/TCR, Fas/Fas-L, or 
any other related apoptosis mediators noted above. Such inhibition of apoptosis is particularly 
desirable in cases like, for example, tissue damage in septic shock, graft- versus-host rejection, 
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acute hepatitis and various autoimmune and inflammatory diseases, in which it is desired to 
block apoptopic cell death mediated by Fas/Fas-L, CD3/TCR, or any other mediators. Thus, in 
view of the biological properties of the leucine zipper family to which GILR belongs and the 
functional knowledge of GILR itself, GILR, its isoforms, analogs, fragments or derivatives can 
be used to stimulate lymphocyte activity and enhance the rescue of cells from cell death by 
apoptosis. 

[00150] This may be achieved by, for example, introducing GILR or any of its suitable 
isoforms, analogs, fragments or derivatives into cells by standard procedures known per se. 
Likewise, it is possible to construct a suitable fusion protein (this being one such GILR 
derivative) comprising the leucine zipper and/or praline-rich sequence of GILR and introducing 
this fusion protein into the cells by standard procedures, in which cells the fusion protein will 
exert its effect by, for example, interaction with other intracellular proteins, leading to enhanced 
inhibition of apoptosis. 

[00151] To introduce the GILR protein, isoforms, analogs, fragments and derivatives 
(including the above fusion protein) into cells, there are a number of possible ways to do this : 
For example, it is preferable to introduce such GILR specifically into cells, such as T 
lymphocytes, in which the CD3/TCR and/or Fas/Fas-L systems are expressed and active in 
inducing apoptosis. One way of achieving this is to prepare a recombinant animal virus, e.g. one 
derived from Vaccinia, into which viral DNA will be introduced at least the following two genes: 
(i) the gene encoding a ligand that binds to cell surface proteins specifically expressed by the 
cells, e.g. ones present on the surface of T lymphocytes so that the recombinant virus vector will 
be capable of binding such T lymphocytes; and (ii) the GILR gene encoding the GILR protein. 
Thus, expression of the cell-surface binding protein (ligand) on the surface of the virus will target 
the virus specifically to the T lymphocytes, following which the GILR-encoding sequence will be 
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introduced into the cells via the virus, and once so-expressed will inhibit apoptosis in these cells. 
In an analogous way encapsulated plasmids as are known in the art, may also be used for specific 
targeting of GILR-encoding plasmids/vectors to the cells in which the capsule allows for 
specificity of targeting and the plasmid DNA carries the GILR coding sequence to be expressed 
in the cells. Construction of such recombinant animal viruses or encapsulated plasmids are by 
standard procedures (see for example, Sambrook et al., 1989). 

[00 152] Another possibility of introducing DNA sequences encoding GILR including its 
isoforms, analogs, fragments and derivatives (including the above noted fusion proteins into cells 
is in the form of oligonucleotides which can be absorbed by the cells and expressed therein. Such 
a method is preferable when the cells to be treated, e.g. T lymphocytes, are treated in vitro with 
the aim of reintroducing such treated (rescued) cells back into the patient. Likewise, it is also 
possible to prepare, for example, a soluble GILR protein and introduce this into T cells in vitro, 
or to introduce the above noted viral vectors or encapsulate plasmids encoding GILR into T cells 
in vitro to bring about increased levels of GILR or GILR expression in these cells and then 
reintroduce them into the patient. 

[00153] Similarly, for example, T lymphocytes can be treated in vivo or in vitro with a 
peptide mimicking GILR activity (e.g. inhibition of apoptosis) in these instances where it is 
desired to inhibit apoptosis, e.g. in inflammatory and autoimmune diseases, or acute hepatitis, or 
the like. 

[001 54] It should also be noted that proteins of the leucine zipper family to which GILR 
belongs, also appear to have the ability to stimulate lymphocyte activity (this being in addition to 
GILR ability to inhibit apoptosis). Thus, in certain situations where the activation of lymphocytes 
is more important than the inhibition of apoptosis, GILR may also be used to stimulate 
lymphocytes. For example, it has been found that in certain neoplastic (cancers) and 
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immunodeficiency (including AIDS) diseases, there are unresponsive or low-level responsive T- 
lymphocytes in the patients, such as in various tumor-infiltrating T-lymphocytes. Thus, while it is 
desired to kill the tumor or HIV-infected cells by inducing increased apoptosis in these cells (e.g. 
by actually inhibiting GILR specifically in these diseased cells), it is however, not less desirable 
(if not more desirable) to specifically stimulate the activation of T-lymphocytes in these patients, 
which T-lymphocytes when activated may be more effective in combatting the tumor cells or 
overcoming the immunodeficiency caused by the HIV infection. Hence, in such situations it 
would be desirable to increase the amounts of GILR or GILR expression in such T lymphocytes 
in vivo or in vitro, which can be achieved by any of the ways noted above. T cells treated in vitro 
will then be transferred back into the patient. 

[001 55] This way of combatting diseased cells by stimulating lymphocytes has been used 
in other systems in which it was crucial to provide co-stimulation of T-cells. This approach of 
using GILR, its isoforms, analogs, fragments and derivatives to treat cells to stimulate T-cell 
activation and also, at the same time, to enable these cells to resist apoptosis (due to high GILR 
levels in the treated cells) is particularly useful in, for example, melanomas, in which the tumor 
cells kill cytotoxic T lymphocytes through the Fas/Fas-L system interaction. 

[00156] Direct treatment of cells, other than T lymphocytes, with GILR, its isoforms, 
analogs, fragments or derivatives, either by in vitro or in vivo methods (the in vitro treatment 
followed by reintroduction of treated cells into the patient), in the various possible ways as noted 
above, is also important in various other diseases. For example, in acute hepatitis, liver cells die 
via apoptosis mediated by Fas/Fas-L system expression, which Fas/Fas-L system expression 
appears to induce and maintain the disease (see Galle et al., 1995). Increasing GILR levels or 
GILR expression specifically in these diseased liver cells should provide an effective way for 
treating this disease. 
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[00157] (ii) Conversely, in many instances it may be desirable to inhibit immune cell 
stimulation and to increase apoptopic cell death mediated by Fas/Fas-L, CD3/TCR or other 
mediators. For example, in various anti-tumor, anti-HIV, anti-inflammatory applications the 
diseased cells may be specifically killed by increasing the levels of induced apoptosis, e.g. 
increased Fas/Fas-L system expression. In such cases it would therefore be desirable to 
specifically inhibit GILR expression or levels in these cells, and in this way to reduce the 
inhibition of Fas/Fas-L system expression to provide, ultimately, higher levels of Fas/Fas-L 
system expression and higher levels of cell death via apoptosis. 

[00158] To achieve inhibition of GILR expression or activity in such cells a number of 
possible ways exist : It is possible to introduce into the cells, by standard procedures, 
oligonucleotides having the anti-sense coding sequence for the GILR protein, which would 
effectively block translation of mRNAs encoding GILR, thereby blocking GILR expression and 
leading to increased levels of Fas/Fas-L system expression and apoptosis. Such oligonucleotides 
may be introduced into the cells using the above recombinant virus approach, the second 
sequence carried by the virus being the oligonucleotide sequence. 

[001 59] Another possibility is to use antibodies specific for the GILR protein to inhibit its 
intracellular activity. 

[00160] Yet another way of inhibiting the activity of GILR is by the recently developed 
ribozyme approach. Ribozymes are catalytic RNA molecules that specifically cleave RNAs. 
Ribozymes may be engineered to cleave target RNAs of choice, e.g., the mRNAs encoding the 
GILR protein of the invention. Such ribozymes would have a sequence specific for the GILR 
protein mRNA and would be capable of interacting therewith (complementary binding) followed 
by cleavage of the mRNA, resulting in a decrease (or complete loss) in the expression of the 
GILR protein, the level of decreased expression being dependent upon the level of ribozyme 
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expression in the target cell. To introduce ribozymes into the cells of choice, any suitable vector 
may be used, e.g., plasmid, animal virus (retrovirus) vectors, that are usually used for this 
purpose (see also (i) above, where the virus has, as second sequence, a cDNA encoding the 
ribozyme sequence of choice). (For reviews, methods etc. concerning ribozymes see Chen et al., 
1992; Zhao and Pick, 1993; Shore et al., 1993; Joseph and Burke, 1993; Shimayama et al., 1993; 
Cantor et al., 1993; Barinaga, 1993; Crisell et al., 1993 and Koizumi et al., 1993). 

[00161] Moreover, to inhibit GILR expression, it is also possible to introduce, by the 
various ways noted above, a mutated GILR protein or DNA sequence encoding a mutated GILR, 
into cells, which mutated GILR would compete with normal GILR in these cells and effectively 
inhibit normal GILR activity. 

[00162] Likewise it is also possible to inhibit GILR activity in cells by treating such cells 
with a peptide that binds the leucine zipper domain of GILR thus inhibiting the activity of GILR. 
Such a peptide may be prepared by standard means and introduced into the cells by standard 
procedures. 

[00163] (iii) The GILR protein, its analogs, fragments or derivatives may also be used to 
isolate, identify and clone other proteins of the same class, i.e., those belonging to the leucine- 
zipper family or those which bind to GILR and which are involved in the intracellular signaling 
processes, e.g. inhibition of apoptosis. In this application the above noted (and detailed below in 
Example 1) subtraction probe technique may be used, or there may be used a recently developed 
system employing non-stringent Southern hybridization followed by PCR cloning (Wilks et al., 
1989). In the Wilks et al. publication, there is described the identification and cloning of two 
putative protein-tyrosine kinases by application of non-stringent southern hybridization followed 
by cloning by PCR based on the known sequence of the kinase motif, a conceived kinase 
sequence. This approach may be used, in accordance with the present invention using the 
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sequence of the GILR protein to identify and clone those of related proteins, including GILR- 
binding proteins. Likewise, the now standard and well known yeast-two hybrid system may be 
employed to specifically isolate and clone those proteins capable of specifically binding to GILR. 

[00164] (iv) Yet another approach to utilizing the GILR protein, or its analogs, fragments 
or derivatives thereof, of the invention is to use them in methods of affinity chromatography to 
isolate and identify other proteins or factors to which they are capable of binding, e.g., other 
proteins or factors involved in the intracellular signaling process. In this application, the GILR 
protein, its analogs, fragments or derivatives thereof, of the present invention, may be 
individually attached to affinity chromatography matrices and then brought into contact with cell 
extracts or isolated proteins or factors suspected of being involved in the intracellular signaling: 
process. Following the affinity chromatography procedure, the other proteins or factors which 
bind to the GILR protein, or its analogs, fragments or derivatives thereof of the invention, can be 
eluted, isolated and characterized. 

[00165] (v) As noted above, the GILR protein, or its analogs, fragments or derivatives 
thereof, of the invention may also be used as immunogens (antigens) to produce specific 
antibodies thereto. These antibodies may also be used for the purposes of purification of the 
GILR protein (e.g., GILR or any of its isoforms) either from cell extracts or from transformed 
cell lines producing GILR protein, or its analogs or fragments. Further, these antibodies may be 
used for diagnostic purposes for identifying disorders related to abnormal functioning of the 
GILR protein. 

[00166] It should also be noted that the isolation, identification and characterization of the 
GILR protein of the invention may be performed using any of the well known standard screening 
procedures. For example, one of these screening procedures, the subtraction probe technique was 
used as is set forth herein below. The yeast two-hybrid system may also be used (see, for 
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example, Boldin et al., 1995a, b, and references therein). Likewise as noted above and below, 
other procedures may be employed such as affinity chromatography, DNA hybridization 
procedures, etc. as are well known in the art, to isolate, identify and characterize the GILR 
protein of the invention or to isolate, identify and characterize additional proteins, factors, 
receptors, etc. which are capable of binding to the GILR proteins of the invention. 

[00167] As set forth hereinabove, the GILR protein may be used to generate antibodies 
specific to GILR proteins, e.g., GILR and its isoforms. These antibodies or fragments thereof 
may be used as set forth hereinbelow in detail, it being understood that in these applications the 
antibodies or fragments thereof are those specific for GILR proteins. 

[00168] Based on the findings in accordance with the present invention that GILR is a 
modulator (inhibitor) of Fas/Fas-L expression and CD3/TCR system and can thus 
mediate/modulate cell death (apoptosis) pathways it is of importance to design drugs which may 
enhance or inhibit the GILR activity, as desired. There are many diseases in which such drugs 
can be of great help. Amongst others, acute hepatitis in which the acute damage to the liver 
seems to reflect Fas/Fas-L-mediated death of the liver cells; autoimmune-induced cell death such 
as the death of the 6 Langerhans cells of the pancreas, that results in diabetes; the death of cells in 
graft rejection (e.g., kidney, heart and liver); the death of oligodendrocytes in the brain in 
multiple sclerosis; and AIDS-inhibited T cell suicide which causes proliferation of the AIDS 
virus and hence the AIDS disease. In such cases it is desired to enhance GILR activity as noted 
above and in this way to block Fas/Fas-L activity and reduce cell death. However, in other cases 
as noted above it is desirable to block GILR activity in order to ultimately increase cell death. 

[00169] With respect to such inhibitors, it is possible that one or more of the possible 
isoforms of GILR may serve as "natural" inhibitors of GILR activity and these may thus be 
employed as the above noted specific inhibitors of GILR. Likewise, mutant GILR proteins and 
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other substances such as peptides, organic compounds, antibodies, etc. may also be screened to 
obtain specific drugs which are capable of inhibiting the activity of GILR, for example peptides 
capable of binding to the leucine zipper domain of GILR. 

[00170] A non-limiting example of how peptide inhibitors of GILR would be designed and 
screened is based on previous studies on peptide inhibitors of ICE or ICE-like proteases, the 
substrate specificity of ICE and strategies for epitope analysis using peptide synthesis. The 
minimum requirement for efficient cleavage of peptide by ICE was found to involve four amino 
acids to the left of the cleavage site with a strong preference for aspartic acid in the Pi position 
and with methylamine being sufficient to the right of the Pi position (Sleath et al., 1990; Howard 
et al., 1991; Thornberry et al., 1992). Furthermore, the fluorogenic substrate peptide (a 
tetrapeptide), acetyl- Asp-Glu-Val-Asp-a-(4-methyl-coumaryl-7-amide) (SEQ ID NO: 14) 
abbreviated Ac-DEVD-AMC, corresponds to a sequence in poly (ADP-ribose) polymerase 
(PARP) found to be cleaved in cells shortly after Fas stimulation, as well as other apoptopic 
processes (Kaufmann, 1989; Kaufmann et al., 1993; Lazebnik et al., 1994), and is cleaved 
effectively by CPP32 (a member of the CED3/ICE protease family) and MACH proteases. 

[00171] As Asp in the Pi position of the substrate appears to be important, tetrapeptides 
having Asp as the fourth amino acid residue and various combinations of amino acids in the first 
three residue positions can be rapidly screened for binding to the active site of the proteases 
using, for example, the method developed by Geysen (Geysen, 1985; Geysen et al., 1987) where 
a large number of peptides on solid supports were screened for specific interactions with 
antibodies. The binding of GILR to specific peptides can be detected by a variety of well known 
detection methods within the skill of those in the art, such as radiolabeling of the GILR, etc. This 
method of Geysen's was shown to be capable of testing at least 4000 peptides each working day. 
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[001 72] In a similar way the exact binding region or region of homology which determines 
the active site of GILR or its leucine zipper domain can be elucidated and then peptides may be 
screened which can serve to block active site or domain, e.g. peptides synthesized having a 
sequence similar to that of the active site or zipper domain region or complementary thereto 
which can compete with natural GILR. 

[00173] Since it may be advantageous to design peptide inhibitors that selectively inhibit 
GILR interactions without interfering with other physiological cell processes, the pool of 
peptides binding to GILR in an assay such as the one described above can be further synthesized 
as a fluorogenic substrate peptide to test for selective binding to other proteins to select only 
those specific for GILR. Peptides which are determined to be specific for GILR can then be 
modified to enhance cell permeability and enhance apoptosis by inhibiting GILR either 
reversibly or irreversibly. Thornberry et al. (1994) reported that a tetrapeptide (acyloxy) methyl 
ketone Ac-Tyr-Val-Ala-Asp-CH 2 OC (0)-[2,6-(CF 3 ) 2 ] Ph (SEQ ID NO: 1 5) was a potent 
inactivator of ICE. Similarly, Milligan et al. (1995) reported that tetrapeptide inhibitors having a 
chloromethylketone (irreversibly) or aldehyde (reversibly) groups inhibited ICE. In addition, a 
benzyloxycarboxyl-Asp-CH 2 OC (O) -2,6-dichlorobenzene (DCB) was shown to inhibit ICE 
(Mashima et al., 1995). Accordingly, in an analogous way, tetrapeptides that selectively bind to 
GILR can be modified with, for example, an aldehyde group, chloromethylketone,(acyloxy) 
methyl ketone or a CH 2 OC (O)-DCB group to create a peptide inhibitor of GILR activity. 
Further, to improve permeability, peptides can be, for example, chemically modified or 
derivatized to enhance their permeability across the cell membrane and facilitate the transport of 
such peptides through the membrane and into the cytoplasm. Muranishi et al. (1991) 
reported derivatizing thyrotropin-releasing hormone with lauric acid to form a lipophilic lauroyl 
derivative with good penetration characteristics across cell membranes. Zacharia et al. (1991) 
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also reported the oxidation of methionine to sulfoxide and the replacement of the peptide bond 
with its ketomethylene isoester (COCH 2 ) to facilitate transport of peptides through the cell 
membrane. These are just some of the known modifications and derivatives that are well within 
the skill of those in the art. 

[00174] Furthermore, drug or peptide inhibitors, which are capable of inhibiting the 
activity of GILR and enhancing cell death via apoptosis can be conjugated or complexed with 
molecules that facilitate entry into the cell. 

[00175] U.S. Patent 5,149,782 discloses conjugating a molecule to be transported across 
the cell membrane with a membrane blending agent such as fusogenic polypeptides, ion-channel 
forming polypeptides, other membrane polypeptides, and long chain fatty acids, e.g. myristic 
acid, palmitic acid. These membrane blending agents insert the molecular conjugates into the 
lipid bilayer of cellular membranes and facilitate their entry into the cytoplasm. 

[00176] Low et al., U.S. Patent 5, 108,921, reviews available methods for transmembrane 
delivery of molecules such as, but not limited to, proteins and nucleic acids by the mechanism of 
receptor mediated endocytotic activity. These receptor systems include those recognizing 
galactose, mannose, mannose 6-phosphate, transferrin, asialoglycoprotein, transcobalamin 
(vitamin B12), a-2 macro globulins, insulin and other peptide growth factors such as epidermal 
growth factor (EGF). Low et al. teaches that nutrient receptors, such as receptors for biotin and 
folate, can be advantageously used to enhance transport across the cell membrane due to the 
location and multiplicity of biotin and folate receptors on the membrane surfaces of most cells 
and the associated receptor mediated transmembrane transport processes. Thus, a complex 
formed between a compound to be delivered into the cytoplasm and a ligand, such as biotin or 
folate, is contacted with a cell membrane bearing biotin or folate receptors to initiate the receptor 
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mediated trans-membrane transport mechanism and thereby permit entry of the desired 
compound into the cell. 

[00177] ICE is known to have the ability to tolerate liberal substitutions in the P 2 position 
and this tolerance to liberal substitutions was exploited to develop a potent and highly selective 
affinity label containing a biotin tag (Thornberry et al., 1994). Consequently, the P 2 position as 
well as possibly the N-terminus of the tetrapeptide inhibitor can be modified or derivatized, such 
as to with the addition of a biotin molecule, to enhance the permeability of these peptide 
inhibitors across the cell membrane. 

[00178] In addition, it is known in the art that fusing a desired peptide sequence with a 
leader/signal peptide sequence to create a "chimerical peptide" will enable such a "chimerical 
peptide" to be transported across the cell membrane into the cytoplasm. 

[00179] As will be appreciated by those of skill in the art of peptides, the peptide inhibitors 
of the GILR interaction according to the present invention is meant to include peptidomimetic 
drugs or inhibitors, which can also be rapidly screened for binding to GILR to design perhaps 
more stable inhibitors. 

[00180] It will also be appreciated that the same means for facilitating or enhancing the 
transport of peptide inhibitors across cell membranes as discussed above are also applicable to 
the GILR or its isoforms themselves as well as other peptides and proteins derived therefrom, as 
noted above which exert their effects intracellularly. 

[00181] As regards the antibodies mentioned herein throughout, the term "antibody" is 
meant to include polyclonal antibodies, monoclonal antibodies (mAbs), chimerical antibodies, 
anti-idiotypic (anti-Id) antibodies to antibodies that can be labeled in soluble or bound form, as 
well as fragments thereof provided by any known technique, such as, but not limited to 
enzymatic cleavage, peptide synthesis or recombinant techniques. 
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[00182] Polyclonal antibodies are heterogeneous populations of antibody molecules 
derived from the sera of animals immunized with an antigen. A monoclonal antibody contains a 
substantially homogeneous population of antibodies specific to antigens, which populations 
contains substantially similar epitope binding sites. MAbs may be obtained by methods known 
to those skilled in the art. See, for example Kohler and Milstein, Nature, 256 :495-497 (1975); 
U.S. Patent No. 4,376,1 10; Ausubel et al., eds., Harlow and Lane ANTIBODIES : A 
LABORATORY MANUAL, Cold Spring Harbor Laboratory (1988); and Colligan et al., eds., 
Current Protocols in Immunology, Greene Publishing Assoc. and Wiley Interscience N.Y., 
(1992-1996), the contents of which references are incorporated entirely herein by reference. 
Such antibodies may be of any immunoglobulin class including IgG, IgM, IgE, IgA, GILD and 
any subclass thereof. A hybridoma producing a mAb of the present invention may be cultivated 
in vitro, in situ or in vivo. Production of high titers of mAbs in vivo or in situ makes this the 
presently preferred method of production. 

[00183] Chimerical antibodies are molecules of which different portions are derived from 
different animal species, such as those having the variable region derived from a murine mAb 
and a human immunoglobulin constant region. Chimerical antibodies are primarily used to 
reduce immunogenicity in application and to increase yields in production, for example, where 
murine mAbs have higher yields from hybridomas but higher immunogenicity in humans, such 
that human/murine chimerical mAbs are used. Chimerical antibodies and methods for their 
production are known in the art (Cabilly et al., Proc. Natl. Acad. Sci. USA 81:3273-3277 (1984); 
Morrison et al., Proc. Natl. Acad. Sci. USA 81:6851-6855 (1984); Boulianne et al., Nature 
312:643-646 (1984); Cabilly et al., European Patent Application 125023 (published November 
14, 1984); Neuberger et al., Nature 314:268-270 (1985); Taniguchi et al., European Patent 
Application 171496 (published February 19, 1985); Morrison et al., European Patent Application 
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173494 (published March 5, 1986); Neuberger et al., PCT Application WO 8601533, (published 
March 13, 1986); Kudo et al., European Patent Application 184187 (published June 11, 1986); 
Sahagan et al., J. Immunol. 137:1066-1074 (1986); Robinson et al., International Patent 
Application No. WO8702671 (published May 7, 1987); Liu et al., Proc. Natl. Acad. Sci USA 
84:3439-3443 (1987); Sun et al., Proc. Natl. Acad. Sci USA 84:214-218 (1987); Better et al., 
Science 240:1041-1043 (1988); and Harlow and Lane, ANTIBODIES: A LABORATORY 
MANUAL, supra. These references are entirely incorporated herein by reference. 

[00184] An anti-idiotypic (anti-Id) antibody is an antibody which recognizes unique 
determinants generally associated with the antigen-binding site of an antibody. An Id antibody 
can be prepared by immunizing an animal of the same species and genetic type (e.g. mouse 
strain) as the source of the mAb to which an anti-Id is being prepared. The immunized animal 
will recognize and respond to the idiotypic determinants of the immunizing antibody by 
producing an antibody to these idiotypic determinants (the anti-Id antibody). See, for example, 
U.S. Patent No. 4,699,880, which is herein entirely incorporated by reference. 

[00185] The anti-Id antibody may also be used as an "immunogen" to induce an immune 
response in yet another animal, producing a so-called anti-anti-Id antibody. The anti-anti-Id may 
be epitopically identical to the original mAb which induced the anti-Id. Thus, by using 
antibodies to the idiotypic determinants of a mAb, it is possible to identify other clones 
expressing antibodies of identical specificity. 

[00186] Accordingly, mAbs generated against the GILR proteins, analogs, fragments or 
derivatives thereof, of the present invention may be used to induce anti-Id antibodies in suitable 
animals, such as BALB/c mice. Spleen cells from such immunized mice are used to produce 
anti-Id hybridomas secreting anti-Id mAbs. Further, the anti-Id mAbs can be coupled to a carrier 
such as keyhole limpet hemocyanin (KLH) and used to immunize additional BALB/c mice. Sera 
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from these mice will contain anti-anti-Id antibodies that have the binding properties of the 
original mAb specific for an epitope of the above GILR protein, or analogs, fragments and 
derivatives thereof. 

[00187] The anti-Id mAbs thus have their own idiotypic epitopes, or "idiotopes" 
structurally similar to the epitope being evaluated, such as GRB protein A. 

[00188] The term "antibody 11 is also meant to include both intact molecules as well as 
fragments thereof, such as, for example, Fab and F(ab f )2, which are capable of binding antigen. 
Fab and F(ab')2 fragments lack the Fc fragment of intact antibody, clear more rapidly from the 
circulation, and may have less non-specific tissue binding than an intact antibody (Wahl et al., J. 
Nucl. Med.^4:316-325 (1983)). 

[00189] It will be appreciated that Fab and F(ab')2 and other fragments of the antibodies 
useful in the present invention may be used for the detection and quantitation of the GILR protein 
according to the methods disclosed herein for intact antibody molecules. Such fragments are 
typically produced by proteolytic cleavage, using enzymes such as papain (to produce Fab 
fragments) or pepsin (to produce F(ab')2 fragments). 

[00190] An antibody is said to be "capable of binding" a molecule if it is capable of 
specifically reacting with the molecule to thereby bind the molecule to the antibody. The term 
"epitope" is meant to refer to that portion of any molecule capable of being bound by an antibody 
which can also be recognized by that antibody. Epitopes or "antigenic determinants" usually 
consist of chemically active surface groupings of molecules such as amino acids or sugar side 
chains and have specific three dimensional structural characteristics as well as specific charge 
characteristics. 

[00191] An "antigen" is a molecule or a portion of a molecule capable of being bound by 
an antibody which is additionally capable of inducing an animal to produce antibody capable of 
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binding to an epitope of that antigen. An antigen may have one or more than one epitope. The 
specific reaction referred to above is meant to indicate that the antigen will react, in a highly 
selective manner, with its corresponding antibody and not with the multitude of other antibodies 
which may be evoked by other antigens. 

[00192] The antibodies, including fragments of antibodies, useful in the present invention 
may be used to quantitatively or qualitatively detect the GILR protein in a sample or to detect 
presence of cells which express the GILR protein of the present invention. This can be 
accomplished by immunofluorescence techniques employing a fluorescently labeled antibody 
(see below) coupled with light microscopic, flow cytometric, or fluorometric detection. 

[00193] The antibodies (or fragments thereof) useful in the present invention may be 
employed histologically, as in immunofluorescence or immunoelectron microscopy, for in situ 
detection of the GILR protein of the present invention. In situ detection may be accomplished by 
removing a histological specimen from a patient, and providing the labeled antibody of the 
present invention to such a specimen. The antibody (or fragment) is preferably provided by 
applying or by overlaying the labeled antibody (or fragment) to a biological sample. Through the 
use of such a procedure, it is possible to determine not only the presence of the GILR protein, but 
also its distribution on the examined tissue. Using the present invention, those of ordinary skill 
will readily perceive that any of wide variety of histological methods (such as staining 
procedures) can be modified in order to achieve such in situ detection. 

[00194] Such assays for the GILR protein of the present invention typically comprises 
incubating a biological sample, such as a biological fluid, a tissue extract, freshly harvested cells 
such as lymphocytes or leukocytes, or cells which have been incubated in tissue culture, in the 
presence of a detectable labeled antibody capable of identifying the GILR protein, and detecting 
the antibody by any of a number of techniques well known in the art. 
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[00195] The biological sample may be treated with a solid phase support or carrier such as 
nitrocellulose, or other solid support or carrier which is capable of immobilizing cells, cell 
particles or soluble proteins. The support or carrier may then be washed with suitable buffers 
followed by treatment with a detectable labeled antibody in accordance with the present 
invention, as noted above. The solid phase support or carrier may then be washed with the buffer 
a second time to remove unbound antibody. The amount of bound label on said solid support or 
carrier may then be detected by conventional means. 

[00196] By "solid phase support", "solid phase carrier", "solid support", "solid carrier", 
"support" or "carrier" is intended any support or carrier capable of binding antigen or antibodies. 
Well-known supports or carriers, include glass, polystyrene, polypropylene, polyethylene, 
dextran, nylon amylases, natural and modified celluloses, polyacrylamides, gabbros and 
magnetite. The nature of the carrier can be either soluble to some extent or insoluble for the 
purposes of the present invention. The support material may have virtually any possible 
structural configuration so long as the coupled molecule is capable of binding to an antigen or 
antibody. Thus, the support or carrier configuration may be spherical, as in a bead, cylindrical, as 
in the inside surface of a test tube, or the external surface of a rod. Alternatively, the surface may 
be flat such as a sheet, test strip, etc. Preferred supports or carriers include polystyrene beads. 
Those skilled in the art will know may other suitable carriers for binding antibody or antigen, or 
will be able to ascertain the same by use of routine experimentation. 

[00197] The binding activity of a given lot of antibody, of the invention as noted above, 
may be determined according to well known methods. Those skilled in the art will be able to 
determine operative and optimal assay conditions for each determination by employing routine 
experimentation. 
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[00198] Other such steps as washing, stirring, shaking, filtering and the like may be added 
to the assays as is customary or necessary for the particular situation. 

[00199] One of the ways in which an antibody in accordance with the present invention 
can be detectable labeled is by linking the same to an enzyme and used in an enzyme 
immunoassay (EIA). This enzyme, in turn, when later exposed to an appropriate substrate, will 
react with the substrate in such a manner as to produce a chemical moiety which can be detected, 
for example, by specfrophotometric, fluorometric or by visual means. Enzymes which can be 
used to detectable label the antibody include, but are not limited to, malate dehydrogenase, 
staphylococcal nuclease, delta-5-steroid isomerase, yeast alcohol dehydrogenase, alpha- 
glycerophosphate dehydrogenase, triose phosphate isomerase, horseradish peroxidase, alkaline 
phosphatase, asparaginase, glucose oxidase, beta-galactosidase, ribonuclease, urease, catalase, 
glucose-6-phosphate dehydrogenase, glucoamylase and acetylcholin-esterase. The detection can 
be accomplished by colorimetric methods which employ a chromogenic substrate for the 
enzyme. Detection may also be accomplished by visual comparison of the extent of enzymatic 
reaction of a substrate in comparison with similarly prepared standards. 

[00200] Detection may be accomplished using any of a variety of other immunoassays. 
For example, by radioactive labeling the antibodies or antibody fragments, it is possible to detect 
R-PTPase through the use of a radioimmunoassay (RIA). A good description of RIA may be 
found in Laboratory Techniques and Biochemistry in Molecular Biology, by Work, T.S. et al., 
North Holland Publishing Company, NY (1978) with particular reference to the chapter entitled 
"An Introduction to Radioimmune Assay and Related Techniques" by Chard, T., incorporated by 
reference herein. The radioactive isotope can be detected by such means as the use of a g counter 
or a scintillation counter or by autoradiography. 
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[00201] It is also possible to label an antibody in accordance with the present invention 
with a fluorescent compound. When the fluorescently labeled antibody is exposed to light of the 
proper wavelength, its presence can be then detected due to fluorescence. Among the most 
commonly used fluorescent labeling compounds are fluorescein isothiocyanate, rhodamine, 
phycoerythrine, pycocyanin, allophycocyanin, o-phthaldehyde and fluorescamine. 

[00202] The antibody can also be detectable labeled using fluorescence emitting metals 
such as 152 E, or others of the lanthanide series. These metals can be attached to the antibody 
using such metal chelating groups as diethylenetriamine pentaacetic acid (ETPA). 

[00203] The antibody can also be detectable labeled by coupling it to a chemiluminescent 
compound. The presence of the chemiluminescent-tagged antibody is then determined by 
detecting the presence of luminescence that arises during the course of a chemical reaction. 
Examples of particularly useful chemiluminescent labeling compounds are luminol, isoluminol, 
theromatic acridinium ester, imidazole, acridinium salt and oxalate ester. 

[00204] Likewise, a bioluminescent compound may be used to label the antibody of the 
present invention. Bioluminescence is a type of chemiluminescence found in biological systems 
in which a catalytic protein increases the efficiency of the chemiluminescent reaction. The 
presence of a bioluminescent protein is determined by detecting the presence of luminescence. 
Important bioluminescent compounds for purposes of labeling are luciferin, luciferase and 
aequorin. 

[00205] An antibody molecule of the present invention may be adapted for utilization in an 
immunometric assay, also known as a "two-site" or "sandwich" assay. In a typical immunometric 
assay, a quantity of unlabeled antibody (or fragment of antibody) is bound to a solid support or 
carrier and a quantity of detectable labeled soluble antibody is added to permit detection and/or 
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quantitation of the ternary complex formed between solid-phase antibody, antigen, and labeled 
antibody. 

[00206] Typical, and preferred, immunometric assays include "forward" assays in which 
the antibody bound to the solid phase is first contacted with the sample being tested to extract the 
antigen from the sample by formation of a binary solid phase antibody- antigen complex. After a 
suitable incubation period, the solid support or carrier is washed to remove the residue of the 
fluid sample, including unreacted antigen, if any, and then contacted with the solution containing 
an unknown quantity of labeled antibody (which functions as a "reporter molecule"). After a 
second incubation period to permit the labeled antibody to complex with the antigen bound to the 
solid support or carrier through the unlabeled antibody, the solid support or carrier is washed a 
second time to remove the unreacted labeled antibody. 

[00207] In another type of "sandwich" assay, which may also be useful with the antigens 
of the present invention, the so-called "simultaneous" and "reverse" assays are used. A 
simultaneous assay involves a single incubation step as the antibody bound to the solid support or 
carrier and labeled antibody are both added to the sample being tested at the same time. After the 
incubation is completed, the solid support or carrier is washed to remove the residue of fluid 
sample and uncomplexed labeled antibody. The presence of labeled antibody associated with the 
solid support or carrier is then determined as it would be in a conventional "forward" sandwich 
assay. 

[00208] In the "reverse" assay, stepwise addition first of a solution of labeled antibody to 
the fluid sample followed by the addition of unlabeled antibody bound to a solid support or 
carrier after a suitable incubation period is utilized. After a second incubation, the solid phase is 
washed in conventional fashion to free it of the residue of the sample being tested and the 



-61 - 



solution of unreacted labeled antibody. The determination of labeled antibody associated with a 
solid support or carrier is then determined as in the "simultaneous" and "forward" assays. 

[00209] The GILR proteins of the invention may be produced by any standard 
recombinant DNA procedure (see for example, Sambrook, et al., 1989 and Ausubel et al., 1987- 
1995, supra) in which suitable eukaryotic or prokaryotic host cells well known in the art are 
transformed by appropriate eukaryotic or prokaryotic vectors containing the sequences encoding 
for the proteins. Accordingly, the present invention also concerns such expression vectors and 
transformed hosts for the production of the proteins of the invention. As mentioned above, these 
proteins also include their biologically active analogs, fragments and derivatives, and thus the 
vectors encoding them also include vectors encoding analogs and fragments of these proteins, 
and the transformed hosts include those producing such analogs and fragments. The derivatives 
of these proteins, produced by the transformed hosts, are the derivatives produced by standard 
modification of the proteins or their analogs or fragments. 

[00210] The present invention also relates to pharmaceutical compositions comprising 
recombinant animal virus vectors encoding the GILR proteins, which vector also encodes a virus 
surface protein capable of binding specific target cell (e.g., lymphocytes, cancer cells, etc.) 
surface proteins to direct the insertion of the GILR protein sequences into the cells. Further 
pharmaceutical compositions of the invention comprises as the active ingredient (a) an 
oligonucleotide sequence encoding an anti-sense sequence of the GILR protein sequence, or (b) 
drugs that block the GILR activity. 

[0021 1] Pharmaceutical compositions according to the present invention include a 
sufficient amount of the active ingredient to achieve its intended purpose. In addition, the 
pharmaceutical compositions may contain suitable pharmaceutically acceptable carriers 
comprising excipients and auxiliaries which facilitate processing of the active compounds into 



-62- 



preparations which can be used pharmaceutical^ and which can stabilize such preparations for 
administration to the subject in need thereof as well known to those of skill in the art, 

[00212] The present invention also provides a nucleic acid construct containing a GILR 
cDNA sequence operably linked to a mammalian T-cell lineage specific, expression regulatory 
sequence and a transgenic mouse having the nucleic acid construct integrated into its genome, 
where the transgenic mouse expresses GILR in its T-cell lineage at an elevated level compared to 
a non-transgenic mouse and where the expression of GILR results in an alteration of the 
thymocyte subset composition and the caspase-3 activation. 

[00213] A DNA molecule is said to be "capable of expressing" a protein if it contains 
nucleotide sequences which contain cis-acting transcriptional regulatory information, and such 
sequences are "operably linked" to nucleotide sequences which encode the protein. An operable 
linkage is a linkage in which the regulatory DNA sequences and the DNA sequence sought to be 
expressed are connected in such a way as to permit gene expression. The cis-acting regulatory 
regions needed for gene expression in general include a promoter region, and such regions will 
normally include those 5 '-non-coding sequences involved with initiation of transcription. A 
promoter region would be operably linked to a DNA sequence if the promoter were capable of 
effecting transcription of that DNA sequence. Thus, the nucleotide sequence encoding a protein 
of interest is operably linked to a mammalian T-cell lineage-specific promoter to generate a 
recombinant construct or "transgene" that is then introduced into the fertilized embryo. 

[00214] Other regulatory sequences in addition to the promoter, such as enhancers, splice 
signals, ribosome binding sites and polyadenylation sites, etc., may be useful in the transgene 
construct 

[00215] As a mammalian T-cell lineage-specific, expression regulatory sequence, the 
human CD2 promoter (Greaves et al., 1989; Zhumbekov et a., 1995) is preferred as the 
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mammalian T-cell lineage-specific promoter. Other suitable examples of mammalian T-cell 
lineage specific promoters, such as promoters of immunoglobulin genes, some cytokines, and T 
cell receptors, are known in the art. A T cell-restricted expression system widely used for 
generating transgenic mice is based on the promoter of the lymphocyte-specific protein, tyrosin 
kinase Lck (Cheung et al., 2002; Carrasco et al., 1996; Lois et al., 2002; Kikuchi et al., 2002; 
Lewis et al., 1993; Moroi et al., 1993). Non-limiting examples of other suitable promoters are 
the promoters of Ig VH1 (Avitahl et al, 2000), CD4 (Gorelik et al, 2000), and CD3-epsilon 
(Clevers et al., 1989). 

[00216] Although there is an abundance of evidence suggesting that many important 
regulatory elements/sequences are located 5' to the mRNA cap site (e.g., McKnight et al, 1982; 
Payvar et al, 1983; Renkowitz et al, 1984; Karin et al, 1984), it also appears that important 
regulatory elements, particularly those mediating tissue-specific expression, may reside within 
the structural gene or even 3' to it (Charnay et al, 1984; Gillies et al, 1983; Reecy et al, 1998; 
James-Pederson et al, 1995; Sternberg et al, 1988; Belecky- Adams et al, 1993). A preferred 
example of such a regulatory sequence is the human CD2 locus control region (Greaves et al., 
1989 Zhumbekov et al., 1995) which is preferably used in conjunction with the human CD2 
promoter. Such 3 '-untranslated regulatory sequences can be readily added downstream of the 
GILR coding sequence as would be well within the skill of those in the art. 

[00217] The present invention further provides a cell of T-cell lineage isolated from the 
transgenic mouse and a stable cell line established from a cell isolated from the transgenic 
mouse. 

[0021 8] A still further aspect of the present invention relates to a method of screening for 
compounds having glucocorticoid-related effects involving administering a potential candidate 
compound to the transgenic mouse or transgenic cells of the present invention and to control non- 
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transgenic mouse or non-transgenic cells, and then determining whether the potential candidate . 
compound exhibits glucocorticoid-related effects by comparing the effects of the administration 
of the potential compound on the transgenic mouse or transgenic cells with the effects on the 
control non-transgenic mouse or non-transgenic cells. A compound has glucocorticoid-related 
effects if there is a significant difference in the effect of the compound on transgenic mouse or 
cells relative to the effect on control non-transgenic mouse or cells. 

[00219] Finally, the present invention additionally provides a method of making a 
transgenic mouse whose genome contains a nucleic acid construct of the present invention. This 
method involves transferring the nucleic acid construct into a fertilized mouse oocyte, allowing 
the zygote resulting from the fertilized mouse oocyte to develop to term, thereby obtaining a 
transgenic mouse whose genome comprises the nucleic acid construct. The transgenic mouse in 
this method is then bred with a non-transgenic mouse to generate offspring. From the offspring, 
a transgenic mouse is selected whose genome contains the nucleic acid construct and which 
transgenic mouse expresses GILR in the T cell lineage at an elevated level compared to a non- 
transgenic mouse. 

[00220] The invention will now be described in more detail in the following non-limiting 
Example and the accompanying drawings. It should be noted that all of the various procedures, 
unless otherwise indicated, are standard procedures of the art or are procedures readily apparent 
to all of skill in the art by virtue of their publication as noted in widely-available publications. 
Accordingly, all of the publications noted herein below, as well as those relevant publications 
noted herein above are included herein in their entirety, or at least as far as concerns the details to 
carry out the various procedures. These procedures are thus to be construed as the full, enabling, 
disclosure of the same procedures used in accordance with the present invention as set forth in 
the following Example (Example 1). Likewise, all the various reagents, cells, etc. (i.e. 
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'materials') are also readily available to all of skill in the art by way of purchasing from the 
various manufacturers or by way of standard preparation thereof. 

Example 1 

Identification, Isolation, Cloning and Characterization of the GILR gene and the GILR 
protein 

I. Materials and Methods 

a) Cells and culture conditions : 

[00221] Thymocytes were obtained from 3 to 5-week-old C3H/HeN mice purchased from 
Charles River (Milan, Italy). The cell suspensions were washed, filtered and adjusted to a 
concentration of 8xl0 6 cells/ml in complete medium. The cells were incubated at 37°C alone or 
with 100 nM/1 DEX (Sigma, St. Louis, Mo.) for 3 hrs. A CD3+, CD4+, CD2+, CD44+ sub-line 
obtained in our laboratory of the OVA-specific mouse hybridoma T cell line (3DO; Ayroldi et 
al., 1995) maintained in suspension in RPMI 1640 medium supplemented with 10% FCS and 
10|xM HEPES buffer was used for transfection experiments. Cells were centrifuged at pre- 
established times at 200g for 10 min, washed, and adjusted to the desired concentrations. 

b) RNA preparation : 

[00222] Total cytoplasmatic RNA was isolated from thymocytes by using the protocol of 
Chirgwin (Chirgwin et al., 1979). Polyadenylated RNA was obtained as previously described 
(Maniatis etal., 1989). 

c) Library construction : 

[00223] A directionally cloned cDNA library was constructed by using polyadenylated 
cytoplasmatic RNA from thymocytes cultured for 3 hours in the presence of DEX according to 
the Maniatis protocol (see Maniatis et al., 1989). Briefly, a first-strand cDNA was obtained with 
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a reverse reaction using an oligo (dT) primer (10|ig) and 7|Lig di-polyadenylated RNA. To 
monitor synthesis, 20\iCi [32P] dCTP (3000Ci/mmol) was included in the reaction mixture. A 
second-strand cDNA was synthesized according to the procedures described by Gubler and 
Hoffman (Gubler and Hoffman, 1983). The cDNA was blunt-ended by using T4 polymerase 
(Boehringer Mannheim, Mannheim, Germany) and then methylated with EcoRI methylase 
(Boehringer Mannheim). EcoRI linkers were ligated to the cDNA with T4 DNA ligase (New 
England Biolabs, Beverly, MA) at 16°C for 12 hours. Following the ligation of linkers, the 
reaction was inactivated by heating to 68°C and incubating at this temp, for 15 min. The cDNA 
suspension was precipitated in ethanol and purified on a CL4B column (Invitrogen BV, San 
Diego, CA). 

[00224] The cDNA was inserted into Xgtl 1 arms using EcoRI adaptors following the 
manufactured protocol (Invitrogen). Recombinant clones (0.25 x 104 p.f.u./|il) were screened by 
hybridization with the subtraction probe (see below). 

d) Subtraction probe procedure and screening library 

[00225] To construct the subtracted probe, a biotinylated copy of the uninduced pool of 
mRNA (10|ig) and 32P-labeled cDNA from the induced mRNA (l^g) were co-precipitated in 
ethanol. The precipitate was dried and dissolved in 2x hybridization buffer. The sample was 
heated at 100°C for 1 minute and then incubated at 68°C for 24 hours. To separate unhybridized 
from hybridized sequences, the reaction was diluted 10 to 15 times with streptavidin binding 
buffer and incubated with streptavidin for 10 minutes at room temperature. Two phenol- 
chloroform extractions were performed. After precipitation, the labeled cDNA probe was 
resuspended in 50jal of sterile water and used directly as a subtraction probe for screening the 
cDNA library. 
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[00226] Nitrocellulose filters (Amersham Life Science International PLC, 
Buckinghamshire, England), with which there was obtained blotting plates containing 5x104 
clones, were hybridized in 5xSSC, 5x Denhardt's solution, 1% SDS, lOO^ig/jxl tRNA (Sigma) and 
20mM sodium pyrophosphate (Ph 6.8) at 42°C for 12 hours and the final wash was in 0.2xSSC, 
0.1% SDS at 65°C for 30 min. 

e) Northern blot analysis 

[00227] Indicated amounts (see 'Brief Description of the Drawings' above) of total 
cytoplasmatic RNA (ranging from 2jag-25jig RNA/lane on the gels, as noted with respect to the 
figures in 'Brief Description of the Drawings' herein above) were separated in 1.2% agarose gels 
and transferred to nitrocellulose filters (Scheicher and Schuell, Dassel, Germany). DNA probes 
were 32P-labeled using the nick- translation kit from Boehringer Mannheim and following 
manufacturer's instructions. Hybridization was carried out overnight. Filters were washed three 
times in 0.2xSSC with 0.5% SDS at 37°C followed by two washes at 65°C. 

f) Primer extension technique 

[00228] The primer extension was performed according to the Maniatis procedure 
(Maniatis et al., 1989). The radiolabeled DNA primer (105 cpm), complementary to the sequence 
from the nucleotide at position 298 to the nucleotide at position 327 of GILR gene (see Fig. 2), 
was mixed with 20jag mRNA from Dex-treated thymocytes for 3 hours. 

g) DNA sequence determination 

[00229] cDNA clones were sequenced using T7 DNA polymerase (Sequenase kit, US 

Biochemical Corp.) in conjunction with custom-synthesized 20- and 21-mer oligonucleotide 
primers (complementary to the cDNA sequence) and primers complementary to the plasmid 
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cloning-site sequences. Overlapping sequences were obtained for both strands of the cDNA. 
cDNA sequences were derived from clones isolated from the screening of the cDNA library. 

[00230] All sequence analysis and identification of structural motifs were done with the 
PC/Gene software program (Intelligenetics, Inc.). The most updated GenBank and EMBL nucleic 
acid data banks and the Swiss-Prot protein data bank were searched through the Internet network 
by using the FASTA program of Pearson and Lippman 

h) In vitro translation 

[0023 1] RNA was translated in vitro using a rabbit reticulocyte lysate (Promega) by the 
procedure recommended by the manufacturer's instructions in the presence of [35S]methionine 
(Amersham) and the products were analyzed by 15% SDS-PAGE. After electrophoresis, the gel 
was fixed and autoradiographed. 

i) Preparation of rabbit anti-mouse antiserum and western blot analysis 

[00232] A rabbit polyclonal antiserum recognizing GILR was prepared with the se of a 
fusion protein containing the full GILR amino acid sequence fused to glutathione S-transferase 
(GST; Pharmacia). The GST- fusion protein was expressed in Escherichia coli (E. coli), induced 
with ImM isopropyl-P-P-thiogalactopyranoside (IPTG) and purified with glutathione (GSH)- 
agarose beads as described previously (Tan et al., 1994). This preparation was used to immunize 
New Zealand White rabbits (lmg/rabbit). 

[00233] After 4 weeks a booster injection of 0.2 mg of protein was given intravenously 
and blood was collected 1 week later for preparation of antiserum. The antiserum was purified 
using a fusion protein immobilized on nitrocellulose filter according to the Maniatis protocol 
(Maniatis et al., 1989). The antiserum was used for western blot analysis of proteins extracted 
from thymocytes treated with or without DEX, as previously described (Ayroldi et al., 1997) For 
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Western blot, mouse thymocytes (5 xl0 6 /sample) were lysed by incubating for 30 minutes on ice 
in 300 ix\ of lysis buffer (20mM Tris-HCl, 0.15 NaCl, 5mM EDTA, lOOmM PMSF, 2.5 mM 
Leupeptin, 2.5 mM Aprotinin). After centrifugation at 15,000 rpm for 15 minutes, the pellets 
were washed three times with cold lysis buffer, boiled for 3 minutes and then analyzed by 
electrophoresis in 10% SDS-PAGE gels followed by transfer to nitrocellulose (Bioblot-NC, 
Costar) for 5 hours at 250mA at 4°C in 25mM Tris/glycine, ph 8.3 and 20% v/v methanol. Non- 
specific binding sites were blocked by immersing the membrane in 5% blocking reagent in Tris- 
buffered saline Tween (TBS-T) for 1 hour at room temperature. 

[00234] The membranes were incubated with GILR polyclonal antiserum diluted 1 : 1 0000 
1 hour at room temperature . After washing with TBS-T buffer, membranes were probed 1 hour 
at room temperature with HRP-labelled sheep anti -rabbit antibody diluted 1 :5000 (Amersham), 
then incubated with ECL Western blotting reagents (Amersham) and exposed to hyperfilm-ECL 
(Amersham) for 15 seconds. 

i) Transfections of cultured cells 

[00235] The GILR cDNA coding sequence (874 bp - see Fig. 2) was cloned into a 
pcDNA3 plasmid (Invitrogen) for expression in mammalian cells. 3DO cells were transfected by 
electroporation (300 mA, 960^iF) with 15|ig of linearized pcDNA3 vector (control clones) or 15jli 
g linearized pcDNA3 vector expressing the GILR cDNA. 36 hours after transfection, the cells 
were cultured in medium containing 0.8 mg/gr G418 active-form (GIBCO-BRL, Life 
Technologies, Paisley, Scotland) and 100^1 of the cell suspension was plated in 96-wells plates 
(4 for each transfection). Following 15-20 days, no more than 15% of the wells had living 
growing cells. These surviving cells were considered clones and analyzed in an RNase protection 
assay for the expression of exogenous GILR (Vito et al., 1996). 
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k) RNase protection analysis (RPA ) 

[00236] The probe for RPA was constructed by PCR using the Forward primer 
CCATCTGGGTCCACTCCAGT (located on GILR, 763-782 bp - see Fig. 2 and SEQ ID NO: 3) 
and the Reverse primer AGGACAGTGGGAGTGGCACC (located on pcDNA3 - see Fig. 5C 
and SEQ ID NO: 4). The PCR product (244 bp) was cloned into a pCRII vector using the TA 
Cloning kit (Invitrogen). The product of this cloning was sequenced to exclude any possibility of 
a point mutation. Plasmid DNA was linearized with Xba I (New England Biolabs) and 
transcribed with T 7 RNA polymerase (GIBCO-BRL) in the presence of 50|uM [a32P]UTP. 

Following gel purification, the probe (2x105 cpm) was hybridized to total RNA (20jag) overnight 
at 60°C. RNase digestion was performed by using a RNase A (Boehringer Mannheim) (40jug/ml) 
and RNase T\ (GIBCO-BRL) (1.5U/|ul) solution at 37°C for 15 min. The undigested products 

were treated with phenol-chloroform, precipitated with ethanol and loaded onto a denaturing 
polyacrylamide sequencing gel. Autoradiographic exposure was carried out for 2 days. 

1) Antibody cross-linking and cell treatment 

[00237] Hamster anti-mouse CD3e (clone 145-2C1 1; Pharmingen, San Diego, CA) mAb 
at l^ig/well (= l|ag/ml of anti-CD3 antibody) was allowed to adhere to flat-bottomed, high- 
binding 96-well plates (Costar, Cambridge, MA) at 4°C in lOOjal PBS. After 20 hours, plates 
coated with mAb were washed and transfected clones were plated at lxl05cells/well and 
incubated at 37°C for 20 hours. Isotype-matched rat anti-mouse IgG 2b mAbs (clone R 35-38, 
Pharmingen) were used a control. 

[00238] To evaluate Fas-mediated killing, 3DO cells (1x106) were incubated at room 
temperature for 30 minutes with 10|ag/ml of the antibody to Fas (hamster anti-mouse, clone Jo2; 
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Pharmingen), then washed and plated on wells coated with an antibody to hamster 
immunoglobulin G (5jig/well; Pharmingen). 

[00239] In selected experiments, a portion of T cells were treated with Cyclosporin 
(Calbiochem, San Diego, CA), in presence or absence of cross-linked monoclonal antibodies. 

m) UV irradiation, DEX treatment and starvation 

[00240] In some experiments clones transfected with empty pcDNA3 or GILR-cDNA 
were exposed to different doses of UV rays from a UV Stratalinker (model 1800; Stratagene, La 
Jolla, CA). 

[00241] Aliquots of 2 ml transfected clones (1x106/ ml) were incubated with DEX or 
subjected to deprivation conditions (1% FCS). The apoptosis was evaluated after 20 hours as 
described below. 

n) Flow cytometry analysis 

[00242] A single suspension (lxl06cells/sample) was incubated for 30 minutes on ice in 
50jal staining buffer (PBS plus 5% FCS), containing 10|ig/ml hamster anti-mouse Fas mAb 
directly conjugated to R-phycoerythrin (PE) or PE-harnster IgG (isotype control). 

[00243] Both mAbs were purchased from Pharmingen. Cells were also stained with rabbit 
polyclonal antibody raised against a peptide corresponding to amino acids 260-279 mapping at 
the carboxy terminus of human Fas-L (Santa Cruz Biotechnology, Inc., Santa Cruz, CA) or with 
isotype-matched antibody (ab), and with anti-rabbit IgG FITC conjugate, F(ab')2 fragment 
(Sigma), as a second step reagent. 

[00244] All clones were stained with hamster anti-mouse otCD3, directly conjugated with 
fluorescein (Pharmingen). The median or percentage of Fas and Fas-L histograms was calculated 
using lysis II research software (Becton-Dickinson, Mountain View, U.S.A.). 
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o) Apoptosis evaluation by propidium iodide solution 

[00245] Apoptosis was measured by flow cytometry as described elsewhere (Nicoletti et 
al., 1991). After culturing, cells were centrifuged and the pellets gently resuspended in 1.5 ml 
hypotonic propidium iodide solution (PI, 50 ng/ml in 0.1% sodium citrate plus 0.1% Triton X- 
100). The tubes were kept overnight at 4°C in the dark. The Pi-fluorescence of individual nuclei 
was measured by flow cytometry using standard FACScan equipment (Becton Dickinson). The 
nuclei traversed a 488 nm Argon laser light beam. A 560 nm dichroid mirror (DM 570) and a 600 
nm band pass filter (band_width 35 nm) were used to collect the red fluorescence due to PI DNA 
staining. The data were recorded in logarithmic scale in a Hewlett Packard (HP 9000, model 310; 
Palo Alto, Ca) computer. The percentage of apoptotic cell nuclei (sub-diploid DNA peak in the 
DNA fluorescence histogram) was calculated with specific FACScan research software (Lysis 
II). 

p) Interleukin-2 (IL-2) analysis 

[00246] Supernatants from clones untreated or anti-CD3-treated for 18 hours, were tested 
for their concentration of IL-2 by two site ELISA using the monoclonal antibody JES6-1 A12 as 
primary reagent and biotinlylated monoclonal antibody S4B6 as the secondary reagent. Both 
antibodies were purchased from Pharmingen. The IL-2 titer (Means +/- Standard Deviation of 
replicate samples) was expressed as picogram per milliliter, calculated by reference to standard 
curves constructed with known amounts of IL-2. The sensitivity limit was approximately 
20pg/ml. 

q) Nuclear and cvtoplasmatic extracts 

[00247] Nuclear proteins were extracted from 2xl0 7 cells. Cells were washed with ice-cold 
PBS, and packed cells were resuspended in 1 ml of hypotonic buffer (25 mM HEPES, 50 mM 
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KC1, 0.5% NP-40, 0.1 mM Dithiothreitol, 10 jxg/ml Leupeptin, |ig/ml Aprotinin, and 1 mM 
PMSF solution in ethanol. After 10 minutes of incubation on ice, the supernatants containing 
cytoplasmatic proteins were separated from the nuclear pellets by centrifiigation. Nuclear pellets 
were then washed with ipotonic buffer without NP-40 and resuspended in 10 /il of lysis buffer 
(25 mM HEPES, 2 mM KC1, 0.1 mM Dithiothreitol, 10 jig/ml Leupeptin, 20 /xg/ml Aprotinin, 
and 1 mM PMSF). After 15-min incubation on ice, lysates were diluted with 10 vol of dilution 
buffer (25 mM HEPES, 0.1 mM Dithiothreitol, 10 ptg/ml Leupeptin, 20 /xg/ml Aprotinin, and 1 
mM PMSF and 20% glycerol) and cleared in a precooled microfuge for 30 min at 14,000xg, 
before loading. 

r) Isolation of human GILR 

[00248] The human homologue of murine GILR was isolated from a Xgt 1 1 human 
lymphocyte cDNA library (Clontech, Palo Alto, CA, USA). Murine GILR cDNA 32 P labeled was 
used as a probe. Nitrocellulose filters (Amersham) obtained by blotting plates containing 5x 10 4 
clones were hybridized in 5x SSC, 5x Denhart's solution, 1% SDS, 100jag/|al tRNA (SIGMA) 
and 20mM sodium pyrophosphate (ph 6.8) at 42°C for 12 hours, and the final wash was in 0.2x 
SSC, 0. 1 SDS at 65°C for 30 minutes. Fifty possible candidates were identified from replica 
filters and further screened as described (D'Adamio et al., 1997). Several clones derived from the 
third screening were isolated, digested with EcoRI and the cDNA insertions of about 2000 base 
pairs were subcloned into pcDNA3. After extraction and purification with alkaline lysis method 
(Maniatis et al., 1989), plasmid DNA from several clones were sequenced using T7 DNA 
polymerase in conjunction with Sp6 and T7 primers complementary to the plasmid cloning site 
sequences and with custom synthesized oligonucleotides primers (20 and 23 bases long). 
Overlapping sequences were obtained for both strands of the cDNA. 
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II. RESULTS 

a) Isolation of the mouse GILR cDNA 

[00249] In order to study the role of glucocorticoid hormones in the regulation of 
lymphocyte apoptosis, the isolation of mRNA induced by 3 hours treatment with the synthetic 
glucocorticoid hormone dexamethasone (DEX, lOOnM), in freshly isolated thymocytes, was 
performed. Comparing the cDNAs from untreated and DEX-treated cells, by the subtraction 
probe technique as noted above, some overexpressed mRNAs in the treated cells were identified. 
Upon sequencing the various detectable cDNAs, one of them, (designated 4 GILR', for: 
Glucocorticoid Induced Leucine-zipper family Related gene), was shown to have some 
homology (40% similarity) with the, apparently unrelated, mouse TSC-22 sequence (Shibanuma 
et al., 1992) and hDIP (Vogel et al., 1996) this homology not being of major significance as the 
GILR sequence, more importantly, showed no homology with other sequences present in EMBL 
and Genbank database. 

b) GILR expression in tissues: induction in T lymphocytes 

[00250] Experiments were performed to examine and define GILR expression in different 
tissues. The results indicated that GILR mRNA was clearly detectable by Northern blotting (8 
days exposure) in freshly isolated thymocytes, spleen and lymph node cells, slightly detectable in 
bone marrow, kidney and lung, and not detectable in liver, heart and brain, suggesting that the 
gene is mainly expressed in lymphoid tissues (Fig. 1 A). Experiments were performed to test the 
possible effect of DEX-treatment in lymphoid tissue. The results indicate that GILR expression 
was clearly increased by treatment with DEX in fresh thymocytes and lymphocytes from 
peripheral lymphoid tissues, including spleen and lymph node (Fig. IB). This results differentiate 
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clearly GILR from the more similar elements of the Leucine-zipper family hDIP (Vogel et al., 
1996) and TSC-22 (Shibanuma et al., 1992), both ubiquitously expressed. 

c) The protein coded by GILR is a protein belonging to the leucine-zipper family 

[0025 1] In order to isolate a full-length GILR cDNA a thymus lymphocyte cDNA library 
was screened using an isolated probe (1 100 bp) obtained by the subtraction probe procedure (see 
above). Several clones were isolated and 3 of them were 1972 bp long and displayed the same 
sequence. Since Northern blotting analysis (Fig. 1 A) indicated that GILR mRNA was about 1.97 
kB long, these clones were believed to represent full-length cDNAs. This was confirmed by 
experiments using the primer-extension technique (results not shown). 

[00252] Nucleotide sequencing of the above noted 3 cDNA clones coding for GILR 
showed the presence of a single open reading frame (ORF), beginning at nucleotide position 
number 206 and extending to a TAA termination codon at position 617 (Fig. 2). The putative 
ATG initiation codon, at position 206, is surrounded by a sequence (GAACCATGA) in good 
agreement with the consensus sequence for initiation of translation in eukaryotes (Kozak, 1989). 
The termination codon is followed by a 3* untranslated region of 1355 bp. A polyadenylation 
signal is present 45 bp 5' to the poly-A tail. 

[00253] The GILR amino acidic sequence displays significant homologies with molecules 
which belong to the leucine-zipper family (Fig. 4 and 15; Shibanuma et al., 1992; Yamamoto et 
al., 1988; Nicholas et al., 1991; Hope and Struhl, 1987; Lamph et al., 1988). 

[00254] The protein putatively encoded by the GILR mRNA is a leucine-zipper protein of 
138 aa residues (Fig. 2). Four leucine residues are present at triplet positions 431-433, 452-454, 
473-475 and 494-496, one asparagine at position 464-466, which is compatible with a leucine- 
zipper structure (underlined in Fig. 2) and presumably able to form dimers. Furthermore a region 
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(basic aa are underlined in Fig. 2), possibly representing a DNA-binding domain, is present at the 
N-terminal end, while a PAR region, rich in proline and acidic residues, is present at the C- 
terminal end region. 

[00255] Based on these features, GILR can be classified as a leucine-zipper protein. The 
predicted molecular weight of the putative mature protein, before further post-translation 
modifications, is about 17,000 Da. The molecular weight of the native protein is about 17,000 Da 
(17 kDa) as indicated by in vitro translation experiments of the cloned cDNA (Fig. 3 A) and by 
Western blot analysis experiments using a rabbit antiserum prepared against in vitro translated 
GILR protein (Fig. 3C). The antiserum was used to detect a cellular product of the GILR in 
normal untreated or DEX -treated (6 hours treatment) thymocytes. In particular, a band of 
molecular mass of approximately 17 kDa was detected by this antiserum in the protein extract of 
DEX-treated but not of untreated thymocytes, in a western blot analysis (Fig. 3C). Figure 3B 
shows that this antiserum recognizes the in vitro translated fusion protein. In particular, the 
antiserum reveals either the GST fusion protein or the intact GILR protein obtained by thrombin 
digestion according to the Pharmacia protocol. 

[00256] Other experiments were performed to evaluate whether GILR protein and mRNA 
could be induced by treatment with DEX and whether this effect could be modulated by co- 
stimulation with anti-CD3 mAb (Fig. 1 1). Results of a representative Western blot experiment 
show that GILR protein is induced in thymocytes by treatment with DEX (lane 3) or anti-CD3 
plus DEX (lane 4), whereas is down-modulated by treatment with anti-CD3 mAb alone (lane 2) 
(Fig. 1 1 A). Similar results were obtained when GILR mRNA expression was evaluated. Northern 
blot experiment showed, in fact, that GILR mRNA is down-regulated by treatment with anti-CD3 
mAb (Figure 1 IB) (lane 2), it is induced by treatment with DEX (lane 3) or anti-CD3 plus DEX 
(lane 4). Similar results were obtained with spleen and lymph node cells (not shown). 
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[00257] To define the subcellular localisation of GILR, the levels of GILR were evaluated 
in the nucleus and in the cytoplasm of clones transfected with the empty vector or with the GILR 
cDNA. Figure 12A shows that GILR is detectable in the nucleic proteins extracted from a clone 
transfected with GILR cDNA but not in the cytoplasm or in the nucleus and cytoplasm of control 
clone. Anti-jS tubulin antibody was used to control the possible nuclei contamination with 
cytoplasm material. Results in Figure 12B indicate that 6-tubulin is present in the cytoplasm 
protein extract of control (lane 3) and GILR transfected clones (lane 4) but not the nuclear 
extracts (lanes 1 and 2). 

d) GILR expression, in transfected T cells, confers resistance to TCR/CD3 induced apoptosis but 
not to cell death induced by other stimuli 

[00258] Members of the leucine zipper family are involved in lymphocyte activation and 

are able to induce or inhibit apoptosis (Smeyne et al., 1993; Goldstone and Lavin, 1994). In order 

to test the possible effects of GILR expression on apoptosis, a hybridoma T-cell line, 3DO, was 

transfected, this 3DO cell line, like other T cell hybridomas, has been widely used in the 

investigation of apoptosis induced by anti-CD3 antibodies (Ayroldi et al., 1995; Vito et al., 

1996). This transfection was carried out with an expression vector in which the GILR cDNA is 

expressed under the control of the CMV promoter. The apoptosis induced by anti-CD3 antibody 

in 3DO cells has been previously shown to be dependent on the Fas/Fas-L system (Yang et al., 

1995). As controls, the empty vector (pcDNA3 control) was also used in such transfections. After 

selection with G418 antibiotic, cell clones were screened for the GILR expression by RNase 

protection analysis (Fig. 5). For each transfection, 9 clones were tested and used for functional 

characterization. In addition, 6 normal untransfected clones (nuc/1-6) were tested as further 

controls. 
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[00259] The results showed that cell clones overexpressing GILR (clones GILR/1-9) were 
all variably resistant to anti-CD3 mAb-induced apoptosis (apoptosis between 5% and 10%) with 
PO.0001 as compared to pcDNA3 control clones (clones pcDNA3/l-9, apoptosis between 45% 
and 60%). No significant differences between pcDNA3 clones and normal untransfected clones 
(clones nuc/1-6, apoptosis between 45 and 60%) were detectable (Fig. 6). To exclude a possible 
effect of GILR gene on TCR/CD3 membrane expression, which could by itself account for 
diminished sensitivity to anti-CD3-induced apoptosis, all clones were stained with anti-CD3 
mAb and analyzed by flow cytometry. 

[00260] No differences of CD3 expression were detected between transfected and 
untransfected clones (results not shown). 

[00261] It has been shown that T-cell apoptosis can be induced by various stimuli other 
than the triggering of the TCR/CD3 complex, including corticosteroids, UV irradiation and 
starvation (Zacharchuk et al., 1990; Bansal et ah, 1991; Lowe et al., 1993). 

[00262] Experiments were performed to test whether GILR expression could inhibit T cell 
apoptosis induced by other stimuli. Results obtained with the same clones (results with 
GILR/1,5,7 and pcDNA3/4,7,8 are shown in Fig. 7) indicate that GILR overexpression does not 
counteract apoptosis induced by DEX, various doses of UV irradiation, starvation or triggering 
by crosslinked anti-Fas monoclonal antibody. 

[00263] These results suggest that GILR can modulate T cell apoptosis triggered by 
TCR/CD3 complex but not by other stimuli. 

[00264] Interestingly, the specific inhibitory effect of GILR on the CD3/TCR-dependent 
apoptotic signaling pathway is peculiarly different on the effect exerted by TSC-22, the more 
homologous Leucine-zipper protein. Scientific literature demonstrate that TSC-22 can induce 
apoptosis in a human carcinoma cell line (Ohta et al., 1997), it is induced by an anti cancer drug, 
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Vesarinone, (Kawamata et al., 1998) in a human salivary gland cancer cell line and its down- 
regulation markedly enhances the growth of the cell line. (Nakashiro et al., 1998). 

e) Expression of Fas and Fas-L in GILR transfected T cells 

[00265] It has been suggested that T-cell AICD is also dependent on Fas/Fas-L interaction 
(Alderson et al., 1995; Dhein et al., 1995; Ju et al., 1995). In particular, the present inventors 
have previously shown that anti-CD3-induced apoptosis in 3DO cells is blocked by soluble anti- 
Fas mAb while crosslinked anti-Fas mAb directly induces cell death (Ayroldi et al., 1997). 
Experiments were performed to test whether blocking of Fas (using soluble, non-crosslinked 
anti-Fas mAb, l(ig/ml) could inhibit the anti-CD3 -induced apoptosis in this experimental system 
where clones of 3DO were tested. Results indicate that blocking of Fas significantly inhibits 
CD3-induced cell death (apoptosis, mean of results obtained with 3 normal clones in a 20 hours 
assay, was: 4+1 in untreated controls, 63±5 in anti-CD3 -treated, 29±6 in anti-CD3- plus soluble 
anti-Fas-treated clones; PO.01 comparing anti-CD3 -treated with anti-CD3- plus anti-Fas- 
treated). 

[00266] Experiments were also performed to assess whether the inhibition of apoptosis in 
GILR-transfected cells could be mediated by an effect on Fas/Fas-L system expression. 

[00267] Results show that 20 hours of anti-CD3 mAbs treatment induced Fas and Fas-L 
expression in 3DO cell line and in clones transfected the empty vector control (pcDNA3/4,7), but 
did not augment Fas and Fas-L expression in clones overexpressing GILR (clones 
GILR/1, 2,3,5,7) (Figure 8). 

[00268] Kinetic experiments also indicate that while Fas-L expression is not evident at 3 
hours after anti-CD3 treatment, when there is no detectable apoptosis, induction of Fas-L 
expression is detected at 10 hours when apoptosis is measurable. Results of a representative 
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experiment with an empty vector and a GILR transfected clone are shown in Table I. Similar 
results were also obtained when Fas mRNA expression were evaluated by Northern blot and 
RNase protection assays (fig. 9). 

[00269] These results indicate that GILR expression inhibits TCR/CD3-activated apoptosis 
and Fas/Fas-L expression. 

TABLE I 



Time course of Fas/L expression related to anti-CD3-induced apoptosis on an empty 
vector or GILR transfected clone 





3h 


6h 


lOh 




Fas/L 


Apoptosis 


Fas/L 


Apoptosis 


Fas/L 


Apoptosis 


pcDNA3(4) 


0,7* 


1,3 


1,0 


2,5 


5,7 


2,9 


pcDNA4(4)+anti- 
CD3 


1,2 


1,7 


1,1 


3,7 


81,1 


72,0 


GILR(7) 


1,0 


0.3 


1,7 


1,8 


0,1 


2,8 


GILR(7)+anti-CD3 


0,6 


0,9 


1,2 


1,4 


1,4 


2,7 



= Numbers represent the percent of cells positive for Fas/L at flow Cytometry analysis 
and of cells that were apoptotic to propidium iodide analysis. 



f) GILR in T-cell activation. 

[00270] Having demonstrated that GILR overexpression rescued from anti-CD3 -induced 
apoptosis by decreasing Fas /Fas-L expression, the role of GILR was then evaluated in T-cell 
activation. For that purpose, GILR transfected clones were activated and analyzed for apoptosis 
and expression of activation markers, like the interleukin-2 receptor (IL-2R). In particular, after 
stimulation with cross-linked anti-CD3 monoclonal antibodies (ljag/ml), GILR-transfected and 
empty vector clones (used as control) were stained with anti-IL-2R monoclonal antibody (CD25) 
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or treated for propidium iodide labeling for apoptosis evaluation. The supernatants from control 

v 

and anti-CD3- treated clones were used for IL-2 detection in an ELISA assay. 

[00271] Results showed that empty vector transfected clones express, upon anti-CD3 
stimulation, high levels of IL-2R and produce IL-2, as evaluated by flow-cytometry analysis, and 
ELISA assay respectively. In contrast, GILR-transfected clones express low or undetectable 
levels of IL-2 (Table II). These data indicate tha overexpression of GILR inhibits anti-CD3 
induced activation and suggest that GILR may play a role in controlling T-cell activation. 

TABLE II 



Activation markers in GILR-transfected clones 



CLONES 


APOPTOSIS (%) 


IL-2R (%) 


IL-2 (pg/ml) 


empty vector 


control 


anti-CD3 


control 


anti-CD3 


control 


anti-CD3 


PV5 


1.7 


55.7 


3.3 


85.2 


neg. 


1200 


PV6 


5.8 


62.8 


5.8 


62.8 


neg. 


601 


PVT1 


5.5 


59.3 


1.3 


87.7 


neg. 


555 


GILR vector- 


control 


anti-CD3 


control 


anti-CD3 


control 


anti-CD3 


ST7 


6.4 


39.3 


6.9 


32 


neg 


448 


SG11 


2.4 


4,6 


6.5 


13 


neg. 


neg. 


SG5 


6.5 


41.6 


7.1 


33.6 


neg. 


339 


ST5 


2.4 


32.8 


4.4 


28.1 


neg. 


25 


GILR19 


2.6 


6.4 


2.6 


6.4 


neg. 


6 



[00272] To further investigate the role of GILR in T-cell activation, we next examined its 
expression upon anti-CD3 and/or anti-CD2 stimulation and the effects of cyclosporin-A 

[00273] It has been demonstrated that CD2 triggering rescues T-cells from anti-CD3- 
induced apoptosis by down-modulation of the Fas/Fas-L system (Ayroldi et al., 1997). This 
effect is mediated by the decrease of IL-2 endogenous production and therefore of T-cell 
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activation. The expression of GILR was then studied, using Northern blot, in 3DO cells treated 
with anti-CD3 and/or anti-CD2 monoclonal antibodies. Figure 10A shows that GILR mRNA is 
down-regulated by anti-CD3 activation, whereas it is up-modulated by anti CD2 treatment. Co- 
stimulation with both anti-CD2 and anti-CD3 treatment restores GILR mRNA to the control 
level. 

[00274] It has been previously reported that cyclosporin specifically inhibits the TCR- 
mediated transcription of IL-2 gene, through the block of the calcium dependent signal 
transduction pathway (Liu et al., 1993). As figure 10B shows, cyclosporin-A reverts anti-CD3- 
induced GILR down-modulation. 

[00275] These results further suggest the involvement of GILR in the control of T-cell 
activation. 

g) Isolation of the human GILR cDNA 

[00276] The human homologue of murine GILR was isolated in a screening of a Dgtl 1 
human cDNA library created from T lymphocyte PHA stimulated, using the previously isolated 
mouse GILR cDNA as a probe. Among the positive clones, four displayed the same sequence, 
highly homologous to mouse GILR cDNA sequence, and the same length (1946 base pairs, 
Fig.2). 

[00277] The cDNA sequence of the human GILR (h-GILR) is shown in Fig. 13. The 
cDNA contains a single base pair open frame, beginning at nucleotide position 241 and 
extending to a termination codon at position 643. Human GILR has a 86% of identity at DNA 
level (Fig. 14), and a 94% identity and 97% similarity with mouse GILR(Fig. 15) at protein level. 
Human GILR is a Leucine-zipper protein which is highly homologous to murine GILR and 
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shows similarity to the previously described TSC-22 and hDIP proteins especially at C-terminal, 
where the Leucine-zipper motif is located. 

Example 2 

[00278] In order to study GILR function in the thymus, transgenic mice constitutively 
expressing this gene only in the T-cell lineage were generated by using an expression vector 
containing the human CD2 gene promoter and locus control region. Thymocyte subset analysis 
showed a significant decrease in CD4 + CD8 + double positive, and increases in CD4 CD8" double 
negative and CD8 + single positive cells in the transgenic mice compared with controls. The CD4 + 
subpopulation was notably increased, concurring with enhanced proliferative potential. The 
perturbation in lymphocytes populations was amplified in aged mice, and it was detected also in 
the periphery as highlighted by a consistently high total splenic T cell count. These alterations are 
due to GILR-enhanced activation of caspase-3 activation pathway. 

[00279] The results support the hypothesis that GILR mediates, at least in part, the role of 
glucocorticoids in thymocyte development, since it perturbed the thymic subsets and peripheral T 
lymphocytes. Constitutive GILZ overexpression in the thymus of transgenic mice determined 
various functional and phenotypic abnormalities, related to an accelerated activation of caspases. 

Generation And Analysis Of Transgenic Mice Constitutively Expressing GILR In The T- 
Cell Lineage 

I. Materials & Methods 

a) Generation Of Transgenic Mice Overexpressing GILZ In T-Cell Lineage (GO-TG mice) 

[00280] A 874 bp cDNA fragment containing the full open reading frame of mouse GILR 
gene (mGILR, see Fig. 2 and Example 1 7 Materials and Methods section, (j) transfection of 
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cultured cells) into an expression vector based on the hCD2 mini gene (Greaves DR et aL, 1989; 
Zhumabekov T et al., 1995). 

[0028 1 ] GILR overexpressing transgenic (GO-TG) mice were generated in DBA x 
C57BL/6 strain and using standard protocols for injecting constructs into eggs (Brinster RL et al., 
1985), The generation of GO-TG mice was confirmed by Southern blot analysis of genomic 
DNA, which was extracted from tails of mice obtained after microinjection, digested with EcoRI, 
separated by electrophoresis through 0.8% agarose gel, transferred to nitrocellulose filters 
(Scheicher and Schuell), and hybridized with a radioactively labeled probe obtained from an 
EcoRI/BamHl digestion of the aforementioned construct. 

[00282] Animals were housed in an isolated colony and fed laboratory chow and acidified 
(pH 2.4) water ad libitum. 

b) Comparative Analysis Of GILR Expression In Control And GO-TG Mice 

[00283] GILR expression level was measured in thymocytes removed from control And 
GO-TG Mice, which were sacrificed by cervical dislocation. 

[00284] RNase Protection Assay (RPA) was performed on total RNA extracted from 
control and GO-TG thymi using TRIzol (GIBCO). A 210 bp, antisense mGILZ probe for RNase 
protection was constructed by Polymerase Chain Reaction (PCR), which was cloned into pCRII- 
TOPO vector (Invitrogen) and sequenced to exclude point mutations. The vector containing the 
mGILZ probe was linearized with Xhol restriction enzyme and transcribed with T7 RNA 
polymerase (GIBCO) in the presence of [ot 32 P]UTP, purified on a G50 Sephadex column. RPA 
assay was performed using the RPA III kit (Ambion). Similarly, a commercial mouse [3-actin 
antisense probe for RNase protection (Ambion) was labeled and used as an internal control for 
standardization of expression levels between samples. Total RNA (5 |ixg) was hybridized with 2 x 
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10 5 (mGILZ) and 4 x 10 3 (P-actin) cpm of the antisense probes overnight at 60°C. Samples were 
processed according to the manufacturer's instructions and loaded on to a 6% 
polyacrylamide/8M urea denaturing gel. Autoradiographic exposure was carried out for 1 day at 
-70°C. The intensity of each band was measured using a Phosphorlmager (Molecular Dynamics). 

[00285] Western blot analysis was performed on total protein extracts obtained from 
control and GO-TG thymocytes. Cells were washed once with ice-cold Phosphate Buffer Saline 
(PBS) and lysed by incubating them with lysis buffer (20mM Tris-HCl, 0.1 5M NaCl, 5mM 
EDTA, lOOmM PMSF, 2.5mM leupeptin, 2.5mM aprotinin) for 30 minutes on ice. After 
centrifugation at 15,000 rpm for 15 minutes, aliquots of the supernatants containing the proteins 
were loaded and separated on a 12 or 15% SDS-polyacrylamide gel, and then electrophoretically 
transferred to a nitrocellulose transfer membrane (Schleicher & Schuell). The membrane was 
blocked with TBST (20mM Tris-HCL pH 7.5, 150 mM NaCl, 0.1% Tween 20) containing 5% 
non-fat dry milk (Bio-Rad) for 1 hour at room temperature. Primary antibodies, applied in the 
same blocking solution overnight at 4°C, were rabbit polyclonal antiserum anti-mouse GILR (see 
paragraph (i) in Example 1), and mouse monoclonal anti-mouse (5-tubulin (Sigma), which was 
used as control. The antigen-antibody complexes were revealed using a kit for Enhanced Chemi- 
Luminescence (ECL) according to the manufacturer's instructions (SuperSignal, Pierce). 

c) Phenotvpic And Functional Analysis of cells in T-cell lineage obtained from GO-TG Mice 

[00286] Thymus weight was calculated in control and GO-TG Mice (means of 6, 7 and 8 
week old mice), which were sacrificed by cervical dislocation. The thymi were removed, 
disinfected by immersion in 70% ethanol, and weighed immediately after removal on a Sartorius 
scales. 
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[00287] Total thymocyte count (mean of 10, 1 1 or 12 week old TG mice) was performed 
by flow cytometry analysis. Cells were counted with a hemocytometer and live cells were 
identified by trypan blue exclusion assay. 

[00288] Two- or three colour flow cytometry was performed using the following 
commercial monoclonal antibodies (Pharmingen): FITC-conjugated rat anti-mouse CD8a (clone 
53-6.7), Cy-Chrome anti-mouse CD8a (Ly-2) (clone 53-6.7), PE-conjugated rat anti-mouse CD4 
(L3T4) (clone H129.19) and FITC-conjugated hamster anti-CD3e (clone 145-2C1 1). Single cell 
suspensions of thymocytes were cultured at 37°C, 5% C0 2 in RPMI-1640 medium containing 5% 
heat inactivated Fetal Calf Serum, 100 U/ml penicillin/streptomycin 0,1 mM non-essential amino 

acids, 5,5 x lO 2 |iM P-Mercaptoethanol (GIBCO) in flat-bottomed, high-binding 96-well plates 

j 

(Costar). Approximately 5xl0 5 cells/sample were pelleted in a round bottom centrifuge tubes, 
resuspended in 10 pi of labeling buffer containing either FITC-, Cy-Chrome or PE-conjugated 
antibodies, and incubated at 4°C for 20 minutes in the dark. The cells were then washed twice 
and resuspended in PBS. Samples were then analyzed using a FACScan flow cytometer (Becton 
Dickinson). When the experiment included Annexin-V detection, FITC-conjugated anti-mouse 
Annexin V (Roche Diagnostics) was added immediately before the flow cytometry analysis, 
according to the manufacturer's instructions. 

[00289] Apoptosis of thymocytes was evaluated by propidium iodide (PI) solution . After 
24 hours culture, cells were centrifuged and the pellets gently resuspended in 1.5 ml hypotonic PI 
solution (50 |ig/ml in 0.1% sodium citrate plus 0.1% Triton X-100). The tubes were kept in the 
dark at 4°C for 1 hour. The PI- fluorescence of individual nuclei was measured by flow cytometry 
using standard FACScan equipment (Becton Dickinson). The nuclei were traversed a 488 nm 
Argon laser light beam. A 560 nm dichroid mirror (DM 570) and a 600 nm band pass filter (band 
width 35 nm) were used to collect the red fluorescence due to PI DNA staining. The data were 
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recorded in logarithmic scale in a Hewlett Packard (HP 9000, model 310) computer. The 
percentage of apoptotic cell nuclei (sub-diploid DNA peak in the DNA fluorescence histogram) 
was calculated with specific FACScan research software (Lysis II). 

[00290] The proliferation potential of GO-TG and control thymocyte subsets was 
performed after separating the subsets as follows. CD4 CD8" was isolated by negative selection, 
after the depletion of CD4 + /CD8 + single positive and CD4 + CD8 + double positive cells. Briefly, 
thymocytes were stained with a saturating concentration of FITC-conjugated anti -mouse CD8 
and CD4, and then incubated with anti-FITC conjugated magnetic beads (PerSeptive Diagnostic) 
for 30 minutes. CD4 + and CD8 + single positive cells were isolated by positive selection using 
anti-FITC MicroBeads, MiniMACS and a MS Column (Milteny) after depletion of CD8 + single 
positive and CD4 + CD8 + double positive cells or CD4 + single positive and CD4 + CD8 + double 
positive cells, respectively. CD4 + CD8 + double positive were separated by cell sorting using a 
EPICS® ALTRA™ (Beckman Coulter). Purity of magnetically separated or sorted populations 
was > 98%. All products were used according to the manufacturer's instructions. 

[00291] Thymidine incorporation assay was performed on thymocytes which were 
cultured for 48 hours at 2 X 10 5 cells/well, with or without addition of Concanavallin A (2 
|j,g/ml). Radiolabeled thymidine (2.5 jaCi [ 3 H] -thymidine per well) was added 15 hours before 
harvesting cells. Cells were collected with a multiple suction- filtration apparatus (Mash II) on a 
fiberglass filter (Whittaker Co.) and counted in a p counter (Packard). 

d) Western blot analysis of activated caspase-3 

[00292] Because of the few CD4 + CD8 low cells (about 5% of total cells), experiments were 
performed using total thymocytes. After cells from TG or WT mice were harvested, one aliquot 
was taken for an immediate total protein extraction and the others were cultured for 30 minutes, 1 
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or 2 hours before preparing the whole cell protein extracts to be used in Western blot with anti- 
caspase-3 antibodies (Cell Signalling Tech.), using anti-p-tubulin monoclonal antibodies (Sigma) 
as control of protein content. The membranes for Western blot were prepared and tested as 
described above. 

II. Results 

a) Generation Of Transgenic Mice Overexpressing GILZ In T-Cell Lineage (GO-TG mice) 

[00293] Transgenic mice with a transgene specifically expressed in the T-cell lineage can 
be obtained using a vector based on the human CD2 (hCD2) minigene introduced by the embryo 
microinjection technique into mouse embryo cells (Greaves DR et al., 1989; Boothby MR et al., 
1997;Hettmann T et al., 1999). Using this construct, the expression of the cDNA encoding mouse 
GILR in the transgenic mice results under the control of the promoter and locus control region 
(LCR) of hCD2 (Fig. 16 A), conferring 3 important features to the hCD2-mGILR transgene: 

- tissue specificity, because the gene is expressed only in the T-cell lineage (thymocytes 
and peripheral T lymphocytes); 

- copy-dependence; and 

- position-independent expression. 

[00294] The mice obtained after microinjection of the construct were tested to identify the 
GILR overexpressing transgenic (GO-TG) mice. Using a transgene-specific probe in a Southern 
blot assay (Fig. 16B), the integration of the hCD2-mGILR transgene in genomic DNA was 
confirmed for a fraction of the mice resulting from microinjected embryos. 

b) Comparative Analysis Of GILR Expression In Control And GO-TG Mice 

[00295] The expression of the hCD2-mGILR transgene in thymocytes of GO-TG mice 
was studied at the level of transcription using Ribonuclease Protection Assay (RPA), and at the 
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level of translation by Western blot, comparing these levels with the ones of house-keeping genes 
((3-actin or P-tubulin). This quantitative analysis indicated that, on average, thymocytes of GO- 
TG mice expressed about five- fold more mRNA and protein than in control mice (Fig. 17 A). 
The increase in the mRNA correlated with a parallel increase in protein levels and, when GILR 
expression in thymocytes of GO-TG mice was compared to the one in thymocytes of control 
mice that were treated with different doses of DEX, this protein level is comparable to levels 
observed in control mice treated with 0.1-1 mg/kg of DEX (Fig. 17B), a level which should cause 
low thymocyte apoptosis rates. 

c) Phenotvpic And Functional Analysis of cells in T-cell lineage obtained from GO-TG Mice 
[00296] The effects on T cell development due to the constitutive GILR overexpression 
GO-TG, compared to control mice, were studied in freshly isolated thymi. 

[00297] Thymus weight and the total thymocyte count was somewhat, although not 
significantly, decreased in GO-TG compared to WT mice. However, a more detailed analysis of 
thymocyte subsets, performed by two-color flow cytometry using monoclonal antibodies specific 
for the T cell surface CD4 and CD8 antigens, shows that GILR overexpression consistently 
perturbs thymocyte ontogeny. In fact, there was a consistent (p < 0.05) decrease in double 
positive (from 79.4 + 0.9 % to 74 + 1.8 %), and a parallel consistent (p < 0.05) increase in double 
negative (from 4.6 + 0.5 % to 6 + 0.3 %) and CD8 + single positive (from 4.3 + 0.4 % to 6.2 + 0.8 
%) cells. No differences were detected in the relative number of the CD4 + single positive subset 
(Figs. 18Aand 18B). 

[00298] The apoptotic potential of thymocytes in GO-TG mice was evaluated in vitro to 
establish whether the observed subset changes were due to altered cell survival. The apoptotic 
potential was determined on thymocytes from control or GO-TG mice that were harvested and 
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analyzed by propidium iodide flow cytometry after 1 day culture. The apoptosis of cultured 
thymocytes from GO-TG mice (Fig. 19B) was significantly higher than from wild-type mice 
(Fig. 19 A) in 6 independent experiments. 

[00299] A further analysis of apoptosis of thymocytes from control or GO-TG mice was 
performed by additionally detecting the percentage of Annexin-V + (an early marker of apoptosis) 
in each thymocyte subset and making propidium iodide flow cytometry after only 6 hours of 
culture. Apoptosis was significantly (p < 0.05) increased in GO-TG compared with control 
thymocytes only for CD4 + single positive cells (26 + 0.9 vs. 32.4 + 1.6), and in particular a 
significant increase in apoptotic annexin V + cells is detected in CD4 + CD8 low but not in 
CD4 + CD8" subset (Figs. 20A and 20B) Therefore, GILR overexpression causes a selective 
increase in apoptosis of the CD4 + CD8 low cells which are a transitional population from 
CD4 + CD8 + double positive cells to CD4 + single positive cells. 

[00300] The proliferation potential of GO-TG and control thymocyte subsets was 
evaluated by isolating the subsets from thymus by magnetic bead separation or by cell sorter (> 
95% purity). Aliquots of each thymic subset were cultured alone or with Concanavallin (Con A) 
mitogen for thymidine uptake experiments, and analyzed after 48 hours culture. Thymidine 
uptake, which indicates DNA synthesis and therefore cell proliferation, was significantly greater 
in GO-TG than in control thymocytes only in isolated CD4 + single positive cells cultured under 
ConA stimulation, and no difference was detected in all the other subsets (Figs. 21 A and 2 IB). 
The experiments demonstrated that CD4 + single positive GO-TG thymocytes had greater 
proliferation potential, thus explaining why their number remained constant despite a parallel 
increase in their apoptotic potential. 

[00301] Thymocytes were also studied in control and GO-TG aged mice since functional 
phenomena (namely proliferation vs. apoptosis) balance alterations of the number or subset 
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composition of these cells in young adult mice, and therefore such differences are amplified as 
mice age. Elderly animals (between 1 8 and 20 months of age) were sacrificed, their thymocytes 
counted and analyzed by flow cytometry to determine the relative number of cell subsets as 
described before. If no differences were seen in total thymocyte number between control and 
GO-TG mice as in young mice, significant differences were identified in the composition of the 
subset, which were greater than in young adult mice. In particular, CD4 + CD8 + double positive 
cells from aged GO-TG mice were very low (81.5 + 1 .3, WT vs. 62.8 + 3.6, GO-TG), but also 
the number of CD4 + single positive, CD4 CD8" double negative and CD8 + single positive cells 
was more increased in aged GO-TG mice (Fig. 22). 

[00302] The effect of the perturbation in the thymic subset perturbation on peripheral 
lymphocyte number was studied in splenocytes from GO-TG or control mice. Splenocytes were 
harvested, counted and stained with anti-CD3, -CD4 and -CD8 antibodies and analyzed by flow 
cytometry. Even if the total number of splenocytes does not change, the composition of the 
subsets is altered (Fig. 23). Total T (CD3 + cells: 31.4 + 1.3 vs. 37.8 + 2.3 in WT and GO-TG, 
respectively) and CD4 + lymphocytes (19.6 +1 vs. 24.6 + 1.5 in WT and TG, respectively), were 
significantly increased while CD 8 + lymphocytes were unchanged (1 1.6 + 1.1 vs. 12.9 + 2.1 in 
WT and GO-TG, respectively). 

d) Caspase-3 activity in GO-TG thymocytes 

[00303] Increased apoptosis of GO-TG thymocytes can be associated to caspases, cysteine 
proteases mediators of mammalian apoptosis. In particular to CPP32/caspase-3 is among the 
earliest effectors of the pathway leading to negative selection of autoreactive thymocytes and of 
lymphoid cells, and involved as well in the glucocorticoid-induced apoptosis (Alam et al., 1997; 
Robertson NM et al., 1997). 
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[00304] Western blot analysis performed on cultured thymocytes showed that activated, 
cleaved caspase-3 was barely detectable after 1 hour culture, but caspase-3 was fully evident after 
2 hour culture in control thymocytes. The same analysis performed in GO-TG thymocytes 
demonstrated that caspase-3 was activated already after 30 minutes, and a much stronger 
activation than in control thymocytes was observed at 1 hour and 2 hours time points (Fig. 24). 
Therefore, the increased apoptosis in GO-TG thymocytes well correlated with an accelerated, 
increased caspase-3 activation. 

[00305] Having now fully described this invention, it will be appreciated by those skilled 
in the art that the same can be performed within a wide range of equivalent parameters, 
concentrations, and conditions without departing from the spirit and scope of the invention and 
without undue experimentation. 

[00306] While this invention has been described in connection with specific embodiments 
thereof, it will be understood that it is capable of further modifications. This application is 
intended to cover any variations, uses, or adaptations of the inventions following, in general, the 
principles of the invention and including such departures from the present disclosure as come 
within known or customary practice within the art to which the invention pertains and as may be 
applied to the essential features hereinbefore set forth as follows in the scope of the appended 
claims. 

[00307] All references cited herein, including journal articles or abstracts, published or 
corresponding U.S. or foreign patent applications, issued U.S. or foreign patents, or any other 
references, are entirely incorporated by reference herein, including all data, tables, figures, and 
text presented in the cited references. Additionally, the entire contents of the references cited 
within the references cited herein are also entirely incorporated by references. 
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[00308] Reference to known method steps, conventional methods steps, known methods or 
conventional methods is not in any way an admission that any aspect, description or embodiment 
of the present invention is disclosed, taught or suggested in the relevant art. 

[00309] The foregoing description of the specific embodiments will so fully reveal the 
general nature of the invention that others can, by applying knowledge within the skill of the art 
(including the contents of the references cited herein), readily modify and/or adapt for various 
applications such specific embodiments, without undue experimentation, without departing from 
the general concept of the present invention. Therefore, such adaptations and modifications are 
intended to be within the meaning and range of equivalents of the disclosed embodiments, based 
on the teaching and guidance presented herein. It is to be understood that the phraseology or 
terminology herein is for the purpose of description and not of limitation, such that the 
terminology or phraseology of the present specification is to be interpreted by the skilled artisan 
in light of the teachings and guidance presented herein, in combination with the knowledge of 
one of ordinary skill in the art. 
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